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In 1912 Prof. Pierre Termier, the director of the Geological Survey 
of France, delivered before the Oceanographic Institute of Paris a very 
interesting and stimulating lecture on the probable existence of Plato’s 


Atlantis. This lecture is now published in English in the Annual Report 
of the Smithsonian Institution for 1915 (1916), pages 219-234. In his 
lecture the speaker drew a conclusion that needs to be examined, as it is 
of considerable importance in paleogeography whether one is in harmony 
with it ornot. Termier thinks it “A fairconclusion . . . . that the 
entire region north of the Azores and perhaps the very region of the 
Azores, of which they may be-only the visible ruins, was very recently 
submerged.” This means that the area believed to have been sub- 
merged is at least equal to 40,000 square miles, and may be even far 
more than 200,000 square miles; it is said to have sunk quickly about 
10,000 feet beneath the surface of the sea. 

What are the facts that lead Termier to this very important con- 
clusion? He relates them as follows: 


Some cataclysms certainly have occurred, and they date only as from 
yesterday. I ask all those who are concerned with the problem of Atlantis 
to listen attentively and to impress on their mind this brief history; there is 
none more significant: In the summer of 1898 a ship was employed in the 
laying of the submarine telegraphic cable which binds Brest to Cape Cod. The 
cable had been broken, and they were trying to fish it up again by means 
of grappling irons. It was in north latitude 47° 0’ and longitude 29° 41’ 
west from Paris, at a point about 500 miles north of the Azores. The mean 
depth was pretty nearly 1700 fathoms, or 3100 meters. The relaying of the 
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cable presented great difficulties, and for several days it was necessary to 
drag the grappling irons over the bottom. This was established: The bot- 
tom of the sea in those parts presents the characteristics of a mountainous 
country, with high summits, steep slopes, and deep valleys. The summits 
are rocky, and there are oozes only in the hollows of the valleys. The grap- 
pling iron, in following this much-disturbed surface, was constantly being 
caught in the rocks by hard points and sharp edges; it came up almost al- 
ways broken or twisted, and the broken pieces recovered bore large coarse 
striz and traces of violent and rapid wear. On several returns, they found 
between the teeth of the grappling iron little mineral splinters, having the 
appearance of recently broken chips. All these fragments belonged to the 
same Class of rocks. The unanimous opinion of the engineers who were pres- 
ent at the dredging was that the chips in question had been detached from 
a bare rock, an actual outcropping, sharp-edged and angular. The region 
whence the chips came was furthermore precisely that where the soundings 
had revealed the highest submarine summits and the almost complete ab- 
sence of oozes. The fragments, thus torn from the rocky outcrops of the 
bottom of the Atlantic, are of a vitreous lava, having the chemical composi- 
tion of the basalts and called tachylyte by the petrographers. We are pre- 
serving some of these precious fragments at the Musée de ‘IEcole des Mines 
at Paris. 

The matter was described in 1899 to the Académie des Sciences. Few 
geologists then comprehended its very great import. Such a lava, entirely 
vitreous, comparable to certain basaltic stones of the volcanoes on the Hawaiian 
Islands, could solidify into this condition only under atmospheric pressure. 
Under several atmospheres, and more especially under 3000 meters of water, 
it might have crystallized. It would appear to us as formed of confused 
crystals, instead of being composed solely: of colloidal matter. The most 
recent studies on this subject leave no doubt, and I will content myself with 
recalling the observation of M. Lacroix on the lavas of Mount Pelée of Mar- 
tinique: Vitreous, when they congealed in the open air, these lavas became 
filled with crystals as soon as they were cooled under a cover, even not very 
thick, of previously solidified rocks. The surface which today constitutes 
the bottom of the Atlantic, 900 kilometers (562.5 miles) north of the Azores, 
was therefore covered with lava flows while it was still emerged. Consequent- 
ly, it has been buried, descending 3000 meters; and since the surface of the 
rocks has there preserved its distorted aspect, its rugged roughnesses, the 
sharp edges of the very recent lava flows, it must be that the caving in fol- 
lowed very close upon the emission of the lavas, and that this collapse was 
sudden. Otherwise atmospheric erosion and marine abrasion would have 
leveled the inequalities and planed down the entire surface. Let us continue 
our reasoning. We are here on the line which joins Iceland to the Azores, 
in the midst of the Atlantic volcanic zone, in the midst of the zone of mobility, 
of instability, and present volcanism. It would seem to be a fair conclusion, 
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then, that the entire region north of the Azores and perhaps the very region 
of the Azores, of which they may be only the visible ruins, was very recently 
submerged, probably during the epoch which the geologists call the present 
because it is so recent, and which for us, the living beings of today, is the 
same as yesterday. 


Now let us see what are the geologic conditions of the Azores. Gagel! 
tells us that this group of nine islands rises out of the Atlantic from 
depths of 10,945 feet to elevations of 3250 feet, and in one case even 
to 8040 feet above the surface of the sea. There are here no old sedi- 
mentary or old eruptive formations and the islands appear to be of 
very recent volcanic origin. Among the volcanic materials have been 
found only inclusions of fossiliferous middle Miocene limestone. He 
concludes that they are volcanic islands of Tertiary age that are made 
up in the main of trachytic and basaltic lavas, that these have probably 
built themselves up to elevations of from 16,250 to over 21,125 feet, 
and that some of these volcanoes have been active during the past 
four centuries. 

If the region of the Azores and that to the north of them for many 
hundreds of miles had been parts of a great continent now sunk deep into 
the Atlantic, there should be some evidence of this sinking shown in a 
well marked elevated sea terrace all along the Atlantic, foritis postulated 
that Atlantis sank when humanity had attained a high state of civiliza- 
tion; in fact the time when the warriors, according to Plato, came from 
Atlantis cannot be more ancient than Egyptian history. In other 
words, Plato’s Atlantis must have disappeared not more than 8000 to 
10,000 years ago, for the priests of Egypt told “‘of a singularly powerful 
army, an army which came from the Atlantic and which had the ef- 
frontery to invade Europe and Asia . . . . Later, with great 
earthquakes and inundations, in a single day and one fatal night, all 
who had been warriors against you [Athens] were swallowed up. The 
island of Atlantis disappeared beneath the sea.” 

The area of land supposed by Termier to have sunk is not less than 
40,000 square miles, and if we accept his greater supposition that it 
included also the region to the north, the mass would be not less than 
700 miles long by 300 miles wide, or 210,000 square miles. Now let 
us see how much water the sinking of such masses is equal to, with a 
view of learning how much the eustatic strand-line of all oceans would 
be lowered. Murray estimates the superficial area of the oceans as 
about 139,000,000 square miles, and the mean depth as 13,000 feet. 
Therefore to sink a mass so small as 40,000 square miles to a depth of 
10,000 feet would only lower the general strand-line a little more than 
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3 feet. If, however, the greater estimate of 210,000 square miles be 
taken, then the oceanic level would be reduced about 15 feet and this 
should show in a well marked terrace all along the Atlantic shores. 
However, it is not only in the Azores that Termier seeks for Plato’s 
lost land, but in the Canary and Cape Verde Islands as well. In other 
words, he believes that a continent greater than anything assumed 
for the Azores has very recently foundered, and therefore we should 
all the more easily observe an elevated strand-line along the Atlantic 
shores of North America. It is true that there are at least three Pleis- 
tocene elevated terraces recorded in Maryland, the highest and oldest 
one at 220 feet, known as the Talbot terrace, the middle Wicomico 
one at 100 feet, and the lowest and youngest at 40 feet, the Sunderland 
terrace. None of these, however, can have any connection with the 
foundering of Atlantis, as they are far older in age than Plato’s account. 
On the other hand, these and the other Pleistocene terraces are due not 
only to isostatic and orogenic factors, but also to the climatic factor, 
as explained by Barrell.2 From this we see that if a continent situated 
in the Atlantic foundered into the depths of this ocean, it must have 
done so in far more ancient times than those of civilized man. Fur- 
thermore, the geology of the Azores shows that these islands are not 
parts of a foundered continent, but that they are volcanic islands that 
have arisen above the Atlantic bottom during the latter part of Cenozoic 
‘time. On the other hand, we learn from Gagel that five of the islands 
of the Cape Verde group and three of the Canaries have rocks that are 
unmistakably like those common to the continents. Taking into con- 
sideration also the living plants and animals of these islands, many of 
which are of European-Mediterranean affinities of late Tertiary time, 
we see that the evidence appears to indicate clearly that the Cape Verde 
and Canary Islands are fragments of a greater Africa. It is there- 
fore not to the north of the Pillars of Hercules that we should look for 
Atlantis, but to the southwest of the rock of Gibraltar. 

To follow out another line of evidence, the writer understands that 
petrographers know little from actual observations as to the behavior 
of flowing lavas under the sea, and whether the cooling phenomena 
and the formation of vitreous lavas would be the same there as beneath 
the atmosphere. At least three of them, however, are of the opinion 
that tachylyte would form equally as readily beneath the sea as on 
land. In answer to a request for data that might bear on this prob- 
lem, Doctor A. L. Day, director of the Geophysical Laboratory of 
the Carnegie Institution of Washington, directed my attention to a 
recently published paper by Perret. Last year the latter studied the 
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flow of lava descending from the volcano of Stromboli, in Sicily, and 
entering the sea, and in 1914 a similar occurrence at Sakurashima, 
Japan. At Stromboli a surface flow was 20 meters wide, and the hot 
lava “entered the water at an average rate of about 3 cm. per minute.” 
A little distance beyond the actual contact with the water and in “a 
perfectly calm sea there is rarely a continuous and uniform evolution 
of vapor. At Sakurashima, on March 12, 1914, the lava, at one place, 
was entering a sea as smooth as glass, yet the evolution of steam was 
spasmodic and resulted in a series of puffs.” In regard to the subsur- 
face flow of lava, a condition of greater importance in the present dis- 
cussion, Perret writes as follows: 


At Sakurashima there was a submarine lava flow extending from beneath 
the eastern lava field for a distance of 2 kilometers along the sea bottom. 
The lava had a,depth of some 75 meters, with 40 meters of water above it 

The only disturbance visible at the surface was a succession of 
convection currents in the water, without eruption of gas, and without rais- 
ing the water temperature above 64° F. at the surface and 72° just over the 
lava. 


He concludes “that a flowing lava may exist in contact with water 
without the disintegration of either, thanks to the formation of a pro- 
tective sheath, and this fact helps us to understand the quiet growth 
of submarine volcanoes. In such cases the only surface commotion 
need be that due to true gas emission at the central vent. In point 
of fact, a sub-aqueous lava stream comports itself more decorously 
than a similar sub-aerial one.’’ This is due to an important fact, namely 
that even if the protective cooled sheath is broken in places “and a 
little water enter and be vaporized in the act of sheathing the raw places 
‘ that which is thus evolved is simply the vapor of water, 
and this, in the presence of water in mass, condenses to water again— 
there is nothing to reach the surface and cause ebullition.”’ 

Doctor Day in the letter to me mentioned above, dated November 
27, 1916, comments on Termier’s conclusion and the observations of 
Perret as follows: 


I have just read Professor Termier’s interesting speculation entitled ‘Atlan- 
tis’ and must confess that I find nothing in my experience with which to sup- 
port his views. In the forthcoming number of the American Journal of 
Science you will find an article by Perret [the one reviewed above] who is 
one of the most accurate observers of volcano phenomena with whom I ever 
came in contact. In this article he records in unmistakable terms that there 
is no essential difference in the behavior of a sub-aqueous and a sub-aerial 
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flow other than that which may be exerted by the superimposed hydrostatic 
pressure. From such experience as we have gathered in this laboratory, 
hydrostatic pressure cari have no other effect than to raise the melting tem- 
perature 10 or 20° per thousand atmospheres, that is, 1 or 2%, and this fac- 
tor must therefore be accounted comparatively insignificant in determin- 
ing solidification. It is conceivable that great hydrostatic pressure might 
have the effect of preventing the escape of the volatile ingredients contained 
in a sub-aqueous lava flow and so facilitate crystallization. It is our experi- 
ence that a very small quantity of such ingredients has enormously greater 
influence in determining crystallization than a very large hydrostatic pres- 
sure alone. It might therefore follow that the pressure operating in this 
indirect manner might serve to keep volatile ingredients ‘on the job,’ so to 
speak, which would otherwise escape and so promote crystallization in a 
mixture which would otherwise tend to cool in vitreous form. Beyond this 
possibility I can conceive of no basis in present experience for the assertion 
which Termier has made. In general, silicate mixtures which crystallize 
with difficulty will form glass if cooled quickly whether under pressure or 
not—the pressure apparently being the least important factor in the situa- 
tion. Similar mixtures which crystallize readily can with great difficulty 
be cooled quickly enough to prevent crystallization, and here again the fac- 
tor of pressure is relatively insignificant. 

You may recall a paper by Johnston two or three years ago in which he 
showed plainly and unmistakably that in general small changes of tempera- 
ture or concentration would have greater effect in determining the resulting 
solid form than a thousand atmospheres of pressure. This conclusion is in 
a sense obvious, for if a thousand atmospheres will produce no more than 
10 or 20° effect on the melting temperature, then obviously 10 or 20° tem- 
perature change in this temperature region will be its equivalent. In the 
same sense a 1 or 2% admixture of one of the volatile ingredients will produce 
several tens of degrees lowering of the melting point of the solution in this 
temperature region. These considerations are perfectly general and apply 
without reservation to the condition of things which Termier is discussing. 
I am therefore disinclined to give any weight to the evidence which he ad- 
duces in proof of the contention that vitreous basalts could not have formed 
at depth as well as anywhere. 


This paper has also been read by Prof. L. V. Pirsson, and he makes 
the following comments in regard to the formation of tachylytes: 


Whether a magma will solidify in a vitreous or a crystalline condition ap- 
pears to be much more due to temperature than to pressure. The latter, 
in the quantities which we have to deal with in the superficial crust of the 
earth, seems relatively negligible compared with very moderate changes of 
temperature. If the change of temperature of a basaltic magma on attain- 
ing a sub-aerial surface is sufficient to cause it to solidify as a glass, or tachylyte, 
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as we know it may, there seems no good reason why a basalt magma issuing 
into cold water on the sea-floor might not be similarly affected and have an 
upper glassy crust. Such a glassy skin on the lava would seem an even more 
natural result from the melt being plunged into cold water than if it cooled 
in the air, the pressure of the depth of water being a minor consideration 
compared with the sudden change of temperature. The experience of man- 
kind from remote ages has taught that the quickest and most convenient way 
of suddenly cooling a heated material is to plunge it into cold water. 

That basaltic glasses, or tachylytes, are not formed solely under atmos- 
pheric conditions is shown also by the fact that they have been found as the 
selvage edges of intrusive rocks, in dikes, and in intrusive sheets, in Finland, 
Sweden, Connecticut, and elsewhere. These glassy sulbands are now re- 
vealed to us only after prolonged erosion, and the geologic evidence would 
appear to indicate that they were probably formed under greater pressures 
than would be produced by the weight of the water of the ocean. It was 
the sudden chilling, produced by the contact with cold rocks, which forced 
the glass to form in spite of the pressure. 

In the light of petrographic experience it does not seem that the generali- 
zation of Professor Termier is well founded. The fact of dredging glass 
splinters from oceanic depths in a volcanic region can hardly be held in it- 
self as a proof of profound subsidence of such an area from sub-aerial conditions 


The conclusions from these various studies are (1) that the Azores 
are volcanic islands and are not the remnants of a more or less large 
continental mass, for they are not composed of rocks seen on the con- 
tinents; (2) that the tachylytes dredged up from the Atlantic to the 
north of the Azores were in all probability formed where they are now, 
at the bottom of the ocean; and (3) that there are no known geologic 
data that prove or even help to prove the existence of Plato’s Atlantis 
in historic times. 

The greater question, was Africa ever united to South America is 
being answered by biologists and geologists, ‘yes’ and ‘no.’ The writer, 
however, believes in this connection previous to the Tertiary and thinks 
that the down-breaking of western Gondwana began in the late Lower 
Cretaceous, with complete severance long before the close of Eocene 
time, for marine strata of this age are general along the western border 
of Africa. On the other hand, if this land bridge had continued unbroken 
into Tertiary time, even only as late as the later Eocene, then certainly 
the wonderful fossil mammalian faunas of Argentina should have re- 
vealed many and unmistakable African links. - The African affinities 
in the ancient South American mammalian faunas are, however, so 
slight as to give but a very limited support to the theory that Gond- 
wana was still in existence in early Tertiary time, and none at all to 
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the theory that the South Atlantic bridge was present even in the 
Miocene. 


1Gagel, C., Handbuch der Regionalen Geologie, '7, Pt. 10, Heidelberg, 1910. 

2 Barrell, J., Amer. J. Sci., New Haven, Conn., (Ser. 4), 40, 1915, (1-22). Also see Wright, 
W. B., The Quaternary Ice Age, London, 1914, chaps. 16 and 18; and Goldthwait, J. W., 
Amer. J. Sci., New Haven, Conn., (Ser. 4), 32, 1911, (291-317). 

* Perret. F. A., Amer. J. Sci., New Haven, Conn., (Ser. 4), 42, 1916, (443-463). 


THE RESPONSES OF HYDROIDS TO GRAVITY 


By G. H. Parker 


ZOOLOGICAL LABORATORY, MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD COLLEGE! 
Read before the Academy, November 14, 1916 


Corymorpha palma is a solitary hydroid occurring on the mud-flats 
of False Bay and other like localities in the neighborhood of La Jolla, 
southern California. It has a length of body that may exceed even 6 
or 7 cm. In its natural position under water its basal end is imbedded 
in the mud, above which its stem rises vertically, carrying at the opposite 
end the somewhat drooping head. When Corymorpha is removed 
from the mud and allowed to attach itself to some foreign base which 
can be conveniently turned in an aquarium, it assumes in a very 
short time a vertical attitude irrespective of the position of the base. 
This vertical attitude is acquired and maintained by the stem even 
after the head has been cut off and this part may therefore be said to 
exhibit negative geotropism. The stem is provided with a neuromus- 
cular sheath and a core of vacuolated cells like those in the chorda of 
vertebrates. Torrey has raised the question of the relative importance 
of the neuromuscular sheath and of the core cells in bringing about the 
geotropic response and has advanced evidence in favor of the view 
that the core cells, acting as certain vegetable tissues often do, are the 
mechanism of this response. If, however, Corymorpha is placed in 
sea-water containing some chloretone, by which the neuromuscular 
activity is abolished but the core cells are left unchanged, no geotropic 
response can be obtained when the animal is moved out of the vertical. 
When the core cells are disorganized by twirling a needle in the axis 
of the stem, care being taken that the neuromuscular sheath is not in- 
jured, the stem will show a tardy but successful geotropism. It there- 
fore seems probable that the geotropic response in Corymorpha, as in 
most other animals, is the result of the activity of the neuromuscular 
sheath and not of the core cells, though the latter very probably help 
to maintain the geotropic position by assuming a somewhat fixed 
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arrangement favorable to the particular curve or form of the stem 
imposed by the neuromuscular response. The work thus briefly re- 
ported upon was carried out last summer at the Scripps Institution 
for Biological Research, to the staff of which the writer is indebted 
for many courtesies. 





1Contributions from the Zoological Laboratory of the Museum of Comparative Zoology 
at Harvard College, No. 287. 


THE LIPS AND THE NASAL APERTURES IN THE GNATHOSTOME 
FISHES, AND THEIR HOMOLOGUES IN THE HIGHER 
VERTEBRATES 


By Edward Phelps Allis, Jr. 


PALAIS CARNOLES, MENTON, FRANCE 
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Two distinctly different types of upper and lower lips, and a third 
type of upper lip are found in the gnathostome fishes, and they may 
be called the primary, secondary and tertiary lips. 

The primary lips lie immediately external to the dental arcades devel- 
oped in relation to the palatoquadrates and mandibulae, and they 
must, because of this position, have primarily lain but slightly, if at 
all, anterior to the oral plate of embryos. The primary cavity of the 
mouth lies internal to these lips. The hypophysial invaginations prob- 
ably lay external to them, as they actually do lie external to the upper 
and primary lip of Petromyzon, and to both the primary and secondary 
upper lips of Amia and Acipenser. 

The secondary lips of either side lie external to the primary ones, 
and have been developed from what was primarily simply a fold of the 
external dermis that lay posterior to the angle of the gape of the pri- 
mary lips. The pressure of the musculus adductor mandibulae, where it 
passed around the angle of the primary gape, caused this fold to bulge 
forward across that angle, and its anterior surface was then presented 
antero-mesially. The crest of this fold then formed a secondary angle 
of the gape, which lay antero-lateral to the primary angle, and short 
secondary lips ran forward from it, in either jaw, to join the primary 
lips. These primarily short secondary lips then gradually extended for- 
ward in either jaw and ultimately there reached the median line and 
coalesced with their fellows of the opposite side, a band of the external 
surface of the head, lying between these secondary lips and the primary 
ones, thus being enclosed in the cavity of the mouth as a secondary 
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addition to it. Successive stages in this process are actually found 
persisting in the adults of living Plagiostomi. 

The fold of the secondary upper lip of either side, running forward, 
passes either (1) between the primary upper edge of the mouth and the 
oral one of the two nasal apertures of its side,(2) across that aperture, (3) 
or between it and the aboral aperture, this depending upon the position 
of the nasal apertures relative to the upper edge of the mouth, upon the 
height of the fold of the secondary upper lip, and upon the length of the 
secondary gape of the mouth. 

In all of the Teleostomi that I have been able to examine, the fold 
of the secondary upper. lip passes oral to both the nasal apertures, as it 
also does in all of the Plagiostomi that I have been able to examine in 
which there is no naso-buccal groove, excepting only Heterodontus. 
Where there is a naso-buccal groove, the fold either (1) abuts against that 
grooveand there abruptly ends (Scyllium canicula), (2) forms the lateral 
edge of that groove (Raia clavata), (3) or,as shown in Miiller and Henle’s! 
figures of Ginglymostoma concolor and Stegostoma fasciatum, passes 
between the nasal apertures and is continued mesial to them as a slight 
fronto-nasal ridge. The naso-buccal groove is simply the oral edge of 
the oral nasal aperture combined with the nasaJ-flap furrow, and 
results from the obstruction, by that aperture and the nasal flap, of 
the normal progression of the fold of the secondary upper lip. In 
Heterodontus francisci, where this groove is not found, the fold of 
the secondary upper lip passes between the two nasal apertures and 
is continued mesial to them as a well developed fronto-nasal flap, or 
process, and the posterior nasal aperture, lying oral to the fold of this 
lip, is enclosed in the secondary cavity of the mouth; but it still 
lies external to the primary cavity, exactly as the corresponding 
aperture does in all of the other Plagiostomi examined. In the Holo- 
cephali the conditions are too complicated to be here explained, but 
they have been derived directly from those in those of the Plagios- 
tomi in which there is a naso-buccal groove. In the Dipneusti the 
fold of the secondary upper lip passes either between the two aper- 
tures or oral to both of them, the conditions in the one specimen of 
these fishes that I have been able to examine (Ceratodus) not giving 
definite indications as to this. 

The so-called fronto-nasal process of those Plagiostomi in which 
there is a naso-buccal groove and in which the oral edge of the nasal 
flap is extended orally so as to bound the upper edge of the mouth, as 
in Scyllium canicula, is not the homologue of the fronto-nasal process 
of Heterodontus, for the nasal flap arises wholly independently of the 
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fold of the secondary upper lip and is not even crossed by that fold. 
This edge of the nasal flap thus does not form part of the secondary 
upper lip of the fish. 

Cartilages are usually found developed in relation to the secondary 
lips of the Plagiostomi and Holocephali, and bones, with or without 
teeth, in the Teleostomi, the bones in the upper lips of the latter fishes 
forming a premaxillo-maxillary dental arcade which lies external to, 
and concentric with, the primary palatoquadrate, or so-called vomero- 
palato-pterygoid arcade. 

In the Teleostomi, Holocephali and Dipneusti a dermal fold may be 
found lying aboral to the secondary upper lip. 

In the Teleostei and Holostei this fold lies along and encloses the ven- 
tral edge of the lachrymal bone alone, or the ventral edges of that bone 
and one or more of the suborbital bones, and some part of the dorsal 
edge of the maxillary bone passes upward internal to the fold. The fold 
may accordingly be called the supramaxillary fold, for although it is, 
in these fishes, definitely related to the lachrymal bone, it is not so re- 
lated to that bone in the Holocephali and Dipneusti. The fold, in 
the Teleostei and Holostei, is not continued forward in relation to the 
antorbital and dermal ethmoid bones, those bones being developed in 
relation to the antorbital section of the buccalis latero-sensory canal, 
the fold apparently being restricted to the suborbital section of that 
canal. In the Anacanthini, because of the marked anterior extension 
of the lachrymal bone, the fold is carried forward between the nasal 
apertures and the upper edge of the mouth, and is there continuous, 
in the median line, with its fellow of the opposite side; this apparently 
being a specific character of these fishes. 

In the Holocephali and Dipneusti the supramaxillary fold passes 
aboral to the nasal apertures, and in these fishes the buccalis latero- 
sensory line passes aboral instead of oral to those apertures, and neither 
lachrymal, antorbital nor dermal ethmoid bones are developed in re- 
lation to it. In Chimaera the fold encloses the outer ends of a series 
of ampullary tubules, the external openings of these tubules lying near 
the edge of the fold and representing the places of origin of the related 
ampullary organs (Allis,?); and the coalesced folds of opposite sides 
form a semicircular line which circumscribes the nasal apertures, the 
upper lips, and the related naso-labial folds. In Ceratodus this fold 
has this same relation to the nasal apertures and the secondary upper 
lips, but it has here become a tertiary upper lip, and that band of the 
external surface of the head that lies between it and the secondary upper 
lip has been added to the secondary cavity of the mouth. The two 
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nasal apertures of Ceratodus are accordingly enclosed in the buccal 
cavity so enlarged, but as I can not trace the secondary upper lip in 
my specimen of this fish I can not tell whether they both lie in the ter- 
tiary addition to that cavity or one of them in that part of the cavity 
and the other in the secondary addition to it. No tertiary lower lip 
is formed, the tertiary upper lip simply overlapping the secondary lower 
lip. The anterior dental plates of this fish lie immediately internal to 
a lip that would seem to be a primary one, but as I cannot trace the 
secondary lips I cannot definitely affirm this. In Chimaera the corre- 
sponding plates lie internal to the primary lips, and hence belong to the 
palatoquadrate arcade. , 

In the Amniota the definitive upper lip is a secondary one, and it 
passes between the two definitive nasal apertures. Maxillary and pre- 
maxillary bones are developed in relation to it, and it is certain, from 
conditions found in certain of the Sauropsida, that the internal nasal 
aperture lay primarily between this arcade and the vomero-palato- 
quadrate arcade. The palatine bone of certain of these latter vertebrates, 
however, develops laterally and anteriorly, either approaching, coming 
into contact with, or even fusing with the maxillary or premaxillary 
bones, and in Chelone a ventral process of the bone turns antero-mesially 
and fuses with a ventral plate of the vomer anterior to the definite pos- 
terior nasal aperture. The posterior nasal passage of this animal thus 
lies between dorsal and ventral plates of both the vomer and the pala- 
tine, and the definitive choana, which is a secondary one, lies posterior 
to the ventral plates, the primary choana lying, as it normally should, 
anterior to the dorsal plates and hence to the bodies of the palatine and 
vomer. An accentuation of these conditions would withdraw the pala- 
tine bone entirely from its own arcade and leave it definitely anterior 
to the choana, as it is in the human skull, but it there nevertheless still 
lies posterior to the primitive choana. 

In embryos of all of the gnathostome vertebrates above considered, 
the primary lips are represented in the edges of the primary stomo- 
daeum, and hence not only in the deeper portions of the so-called maxil- 
lary and mandibular processes but also in the tissues that lie between 
the anterior (symphysial) ends of those processes. In embryos of the 
Teleostomi and Plagiostomi, excepting Heterodontus and those other 
Plagiostomi in which similar conditions may exist, the secondary lips 
are represented in the superficial portions of these same processes, and the 
maxillary processes, like the secondary upper lips of the adult, in 
growing forward pass oral to the nasal apertures, and they alone, or they 
together with an intervening portion of the primary upper lip, form the 
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definitive upper lip of the fish. In embryos of the Amniota, and 
unquestionably also in embryos of Heterodontus and those other 
Plagiostomi in which similar conditions may exist, the fold of the 
secondary upper lip is represented in the maxillary and fronto-nasal 
processes, the fold of this lip having here been cut into two parts by 
its encounter with the nasal groove; and these two processes form the 
definitive upper lip. With the formation of these embryonic so-called 
processes the primary stomodaeum has been converted into a secondary 
one, and a portion of the external surface of the head is in process of 
being enclosed in the cavity of the mouth.. In embryos of Ceratodus 
the supramaxillary fold is superadded to the maxillary process, and 
the stomodaeum becomes a tertiary one. 

In embryos of the Amniota the maxillary and fronto-nasal processes, 
representing the two parts of the fold of the secondary upper lip, lie 
primarily oral, respectively, to the lateral and mesial nasal processes 
as, those processes are defined by Peter,? the fold of the secondary upper 
lip thus passing across the oral edge of the nasal groove, as it does in 
the adult Chimaera, and not, as in the adult Heterodontus, in the line 
of the nasal processes and hence that of the future nasal bridge. The 
break between the two parts of the fold then forms the so-called naso- 
buccal groove, which is thus simply a partially closed portion of the 
future posterior nasal aperture and not a specially developed groove 
which cuts across the secondary lip and leads into the secondary cavity 
of the mouth. The two parts of the fold never, in the Amniota, com- 
pletely fuse with each other above the nasal groove, being always sepa- 
rated from each other by an epithelial line or membrane which is later 
broken through, and when a nasal bridge has been formed by the fusion 
of the nasal processes, the fold traverses that bridge. This bridge is 
thus the strict homologue of the bridge in the Teleostomi; for it is highly 
improbable that any new material has been brought to it by a simple 
fold of the dermis, as it is also improbable that such a fold, simply be- 
cause it passes across the bridge, can in any way change the morphologi- 
cal character of that bridge. That band of the external surface of the 
head that lies between the primary and secondary upper lips forms the 
primitive palate, and the nasal processes take part in its formation 
only as they are included, in part, in that surface. Where the nasal 
bridge lies wholly aboral to the secondary upper lip, as in the Teleostomi, 
it does not form a primitive palate and can in no way be compared with it. 

Aboral to the maxillary process of embryos of the Mammalia there 
is another process, or more properly a fold, which diverges slightly 
from the maxillary process and extends as far forward as the lachrymal 
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groove. This fold is well shown in Keibel’s‘ figures of embryos of the 
pig, and must represent the supramaxillary fold of the Teleostomi, the 
lachrymal groove representing a part of the supramaxillary furrow of 
those fishes. The supramaxillary fold is apparently not continued on- 
ward anterior to this point, as it is in Chimaera and Ceratodus, and the 
Schnauzenfalte of His’s* descriptions of human embryos, notwithstand- 
ing that it strikingly resembles the median portion of the supramaxil- 
lary fold of Chimaera and Ceratodus, is probably not a part of that 
fold. The lips and nasal apertures of the Mammalia could, accordingly, 
not be derived from those in Ceratodus without marked reversions, but 
they could readily be derived from those in Amia or Polypterus by the 
simple shifting of the secondary upper lip from a position oral to the 
nasal apertures to one between those apertures. 

In the Amphibia the formation of the nasal appertures, as described 
by authors, is markedly different from that above set forth, but this 
is certainly due simply to condensations and abbreviations of the nor- 
mal developmental processes, for the posterior nasal apertures of the 
adults of these vertebrates lie, as they do in the Amniota, between the 
primary and secondary dental arcades, and the nasal apertures of either 


side are, in embryos of certain of these vertebrates, connected by an 
epithelial cord (Gymnophiona) or line (Urodela) derived from the ex- 
ternal epidermis; this cord or line certainly indicating the line where 
nasal processes have fused with each other above the nasal groove to 
form a normal nasal bridge. 


1Miiller, J., und Henle, J., Systematische beschreibung der Plagiosiomen, 1841, Berlin, 
xxii + 200 pp., 60 Taf. 

2 Allis, E. P., Jr., Q. J. Microsc. Sci., London, N.S. 45, 1901, (87-236), pl. 10-12. 

*Peter, K., Hundbuch vergl. exper. Entwickelungslehre d. Wirbeltiere von O. Hertwig, 
Bd. 2, Teil 2, 1906, (1-82). 

‘Keibel, Fr., Anat. Anz., Jena, 8, 1893, (473-487). 

SHis, W., Arch. Anat. Physiol., Anat. Abth., Leipzig Jahrg. 1892, (384-424). 


NATURAL AND ISOGONAL FAMILIES OF CURVES ON A SURFACE 
By Joseph Lipka 


DEPARTMENT OF MATHEMATICS, MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Communicated by E. H. Moore, December 13, 1916 


1. If F is a function of the codrdinates of a point and ds is the ele- 
ment of arc length in any space, the curves along which / Fds is a 
minimum are said to form a natural family of curves. Such families 
include many interesting special cases. Thus if W is the negative po- 
tential function and h is a given constant of energy in a conservative 
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field of force, our natural family may be: (1) a system of trajectories 
arising from the principle of least action, where F = V W + h; (2) a 
system of brachistochrones or curves of quickest descent, where F = 
V(W+h)-; (3) a system of general catenaries or positions of equilibrium 
of homogeneous, flexible, inextensible strings, where F = (W+A4). 
Again, if F is the variable index of refraction in an isotropic medium, 
the paths of light in such a medium form a natural family. The conformal 
representation of the geodesics of any surface upon certain other sur- 
faces is also a natural family. Natural families of curves have been 
geometrically characterized by Kasner for a plane and for space of 
three dimensions,'! and by me for any surface and any curved space 
of m dimensions.? 

If we have any set of ~! curves on a surface, the system of ~' curves 
which cut every curve of this set at a constant angle, a, form a system 
of isogonal trajectories of the original set; there are <1 such systems for 
varying values of the parameter a, and these form the complete fam- 
ily of <* isogonal trajectories. Isogonal families of curves have been 
geometrically characterized by Kasner for the plane,! and by me? for 
any surface. 

In this paper, §2 gives a very general geometric transformation by 
which a family of isogonals may be transformed into a natural family; 
§3 gives the analytic representation of the geometric transformation 
of §2, and exhibits the interchange of the two families through repeated 
application of this transformation; §4 gives the relations existing be- 
tween the point functions which characterize dual (natural-isogonal) 
families. 

2. If we take an isothermal system of curves as parameter curves 
on the surface, we can write the element.of arc length in the form 


ds? = d (u, v) [du? + dv’. 
- The variation problem 
SF (u,v) ds = minimum (1) 


then leads to a family of <* curves whose differential equation is given 
by 3,4 


o” = [ (log FX), — (log FV )u 0] [1 +0] (type N) (2) 
and the problem of finding the isogonals of a simple system of curves 
v = tanw(u, 2) (3) 


leads to a family of <* curves whose differential equation is given by’ 
vy! = (wy + w, v’) (1 + v’?) (type ta (4) 
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If we have any other simple system of curves 
v = tana (u, 2), (5) 
the differential equation of its isogonals is similarly given by 
v” = (a, +a,0') (1 +0") (type Ix) (6) 


For these families, ~' curves pass through each point on the surface, 
one in each direction. 
The geodesic curvature for any curve on the surface is 


1 BF ath [ (log Vr)e — (log VX )u vo’ ] [1 +074] 
‘ Va(1409? 


If we apply (7) to the unrelated J,, and Ig curves, we have, for a 
curve in any direction v’, 


[= | — [ou — (log VX)» ] + [we + (log VX ul () 
3 Vx ¥ 0%) 4 





(7) 








[+] _ Lau — (log VX )»] + [ae + (log V% Ju] v” 


; Ve +9) ” 


and hence 


ee © nec: cc Re 


Te 





On the other hand, if we apply (7) to the N curves, we have, for a 
curve in any direction 2’, 


LE pe (log F), — (log F)u v 
§ |, Vx (1 + 0’2) (11) 


and for a curve in a direction (- 5) ie., in a direction perpendicular 
v 


to the direction v’, 


[+] _ (log F), + (log F), 0’, (12) 
py Vd (1 +0'?) 
Comparing (12) and (10) we see that the right members of these 
equations will coincide if — 
log F=w-—a, or F=e&*, (13) 
Thus if we have two distinct J families and we choose one curve of 
each family passing through the same point in the same direction, the 
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difference of their geodesic curvatures is equal to the geodesic curvature 
of a curve through that point but in a perpendicular direction of a re- 
lated N family. This is evidently true for every point and in every 
direction. 

Considering our ©? curves as composed of ~* geodesic curvature ele- 
ments (u, v, v’, v’’), and defining corresponding geodesic curvature ele- 
ments on a surface as two elements which have the same initial point 
and the same direction, we may state the following result: 

Given any two isogonal families. If in each direction through each 
point we construct a geodesic curvature element whose geodesic curvature is 
equal to the difference of the geodesic curvatures of corresponding elements of 
the two isogonal families, and then rotate each new element in the same direc- 
tion through a right angle (keeping its geodesic curvature unchanged), the 
«3% mew elements will form a natural family. 

If w and a are the functions determining the two isogonal families, then 
the above transformation leads to the natural family whose characteristic 
function, F, is the exponential of w — a. 

According as we subtract the geodesic curvatures of the J, curves 
from those of the J,, curves or vice versa, we get the N family, F = e** 
or F, = e*®, so that F = 1/F,; hence 

Two isogonal families give rise, by the above mentioned transformation, 
to two natural families whose characteristic point functions are reciprocals, 
and such that corresponding geodesic curvature elements have their geodesic 
curvatures numerically equal but opposite in sign. 

3. The analytic curvature transformation which changes an J family 
into an N family, is 





r__ 0" —[ (log V/A—a),— (log W/A—a)y 0] [1-+0"9] 


’ 1 
(T) Uy =U, 0, =0, 0) = ——, Yy 
v v 


where a is an arbitrary point function. 
This changes 
vo” = (w, +,0') (1+) — (type 1) (4) 
into 

v’={ [(w—a)e+ (logV/d)] — [(w—a@)u + (log Vx)ulo’} {1+0'2} (type N) 
(14) 

and by comparison with (2), we have 
log F=w-—a, or F = &* (15) 


Hence (T) is the analytic statement of the geometric transformation 
described in §2. 
It is interesting to note the results of repeated applications of the 
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transformation (7) on the J family, (4). (7?), (T*), and (T*) lead 
respectively to 
o” = {[(a — w — log d)u— (a — log Wd)s] + [(a — w — log Wd) + 
: (a—log Vd)u] v’} {1+ 07}, (16) 
v” ={[(a—log Wd)u—w] + [(a—log Wd) + wu]o’} {1-+0"} (17) 
v” = (wu + wv’) (1 + 0”). (18) 
Now equations (2) and (4) are special forms of a more general equation 
v” = (¥ — ov’) (1 + 0%), (19) 
which reduces to type I or type N according to the restriction 
ve td =0 or we — Gh = 0 (20) 
respectively. Applying the criteria (20) to equations (16), (17), and 
(18), we may draw the following conclusions: 

Given any I family, (T) always transforms this into an N family, and 
(T*) always gives the orginal I family. In general (T*) and (T*) give neither 
an I nor an N family; but if the auxiliary arbitrary function, a,is so chosen 
that the system v’ = tan (2 — log 2) is an isothermal system, or if 
our surface is developable® and the system v’ = tana is isothermal, 
then (7?) gives an J family and (T*) gives an NW family. 

Given any N —I jamily, i.e., the isogonals of an isothermal system (cf. §4), 
(T) always transforms this into an N family, (T*) gives neither an I family 
nor an N family, in general, (T*) always gives an I family, and (T*) always 
gives the original N—I family. If the auxiliary arbitrary function is 
so chosen that the system v’ = tan (a — log WX) is isothermal, or if 
our surface is developable and the system v’ = tan ais isothermal, then 


(T), (T?), and (T*) give N—I families (not the original family). 
4. If the N family 


v’ = [(log F x), — (log F VX), 0] [1 +07] 
and the J family 
vo” = (wu + wv’) (1 + ”) 


coincide, then we must have 


(log F VX)p = wu and (log F VWA)u = — w 
(21) 


wuu + we =O and (log F VX) uu + (log F VX)n = 0 


Therefore the curves v’ = tan w and’ = tan (log F Vy) are isother- 
mal systems, and the functions w and log F Vd are conjugate harmonic. 
Thus the base system of our isogonals is isothermal, and if H is con- 
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jugate harmonic to a, i.e., if w + 7H is a function of wu +72, then F = 
\~4e#. Now for our parameter system, which is any isothermal sys- 
tem, w = 0 and therefore H = 0 and F = \~! = Fy, and we may write 
F = Foe”. Hence 

If Fo ts the characteristic function corresponding to the isogonals of an iso- 
thermal system, an N family can be identified with an I family when and 
only when its characteristic function is the product of Fy and the exponential 
of a harmonic function.’ 

If we have two isothermal systems, »’ = tan w and v’ = tan a, and 
w and a@ are conjugate harmonic, they form the base systems of two 
N-—I families whose characteristic functions are 

F,=ne* and Fy= de” 

respectively; hence 


Zs = gona (21) 


On the other hand, the isogonals of the system v’ = tan w are trans- 
formed by (7) into the N family whose characteristic function is F = 


W— a 


e*-“. Comparing this with (21) we may write 

F 

F = 22 
4 (22) 
If w + tats a function of the complex variable u + i v, tt determines 

two isothermal systems, v' = tan w and v' = tan a, which are the base sys- 
tems of two N — I families. Either of these families may be transformed 
by means of (T) and the remaining family into an N family whose charac- 
teristic function is the ratio of the characteristic functions of the two given 
families. 


1Kasner, E., Trans. Amer. Math. Soc., New York, 10, 1909, (201-219). 

2Lipka, J., Ibid., 13, 1912, (77-95). 

3 Lipka, J., Ann. Math., Princeton, N.J., 15, 1913, (71-77). 

‘Throughout this paper, primes refer to total derivatives with respect to u, and literal 
subscripts to partial derivatives. 

5The condition that the system v’=tan8 be isothermal is Byy + By = 90. 

6 The condition for a developable surface is (log d)uu + (log AJ» = 0; cf. Note’. 

7 Compare with Kasner, E., New York, Bull. Amer. Math. Soc., 14, 1908, (169-172). 
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SOME PROBLEMS OF DIOPHANTINE APPROXIMATION: 
THE SERIES 2¢(d,) AND THE DISTRIBUTION OF 
THE POINTS (\n@) 


By G. H. Hardy and J. E. Littlewood 


TRINITY COLLEGE, CAMBRIDGE, ENGLAND 
Communicated by E. H. Moore, December 5, 1916 


1. In our previous writings on the subject of Diophantine approx- 
imation, which we refer to in a short note published in the October 
number of these PROCEEDINGS,! we alluded in several places to a series 
of further results which, we hoped, were to form the material for a third 
memoir in the Acta Mathematica. The prosecution of this work was 
delayed, in the first instance, by our occupation on a long memoir on 
the theory of the Riemann Zeta-function, now in type and shortly to 
appear there, and subsequently by other causes; and there is, under 
present conditions, little hope of its completion in the immediate future. 
The subject has since been reopened by the appearance of work by other 
writers,? and in particular of a very beautiful memoir by Wey] in the 
latest number of the Mathematische Annalen.t This paper contains 
allusions to our unpublished work: and it seems desirable that we 
should make some more definite statement than has appeared hitherto 
of our results and the relations in which they stand to Weyl’s. 

The main problems which we considered were three. 

2. (a) The first problem was that of proving that, if e(x) = ¢™ 
and 


,=an' +a, ne '+...+a 
is a polynomial in n with at least one irrational coefficient, then 


Ss, = Yew) = 0(n). 


We may plainly suppose that every a has been reduced to its residue 
to modulus unity: and there is no substantial loss of generality in sup- 
posing the first coefficient irrational. 

This theorem we enunciated first, in the special case in which \, = 
an*, in our communication to the Cambridge Congress, characterising 
the proof as ‘intricate.’ In our second memoir in the Acta we discussed 
in detail the case k = 2, using a transcendental method which leads to 
a whole series of more precise results; and we promised a proof of the 
more general theorem in the third memoir of the series. Weyl’s memoir 
contains a complete statement and proof, both quite independent of 
ours, of the theorem in its most general form. 
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The limitation on the form of \,, which appears in the theorem as we 
stated it, was introduced merely for the sake of compactness of expres- 
sion and does not correspond to any real simplification of the problem. 
Our argument indeed depends upon an induction which compels us to 
consider the problem generally. The most comprehensive result which 
appears in our analysis is as follows: given any positive numbers « and n 
we can determine v (e), N (e,n), and a system of intervals j, including all 
rationals whose denominators are less than v, and of total length less than 
n, so that | s,| < en forn > N, all values of a exterior to the intervals j, 
and all values of a1, a2, . . . . , a. From this result it follows at 
once that s, = o (m) for any particular irrational a, and uniformly in 
en Mt oe aia 

Weyl’s proof and ours are widely different, and each, we hope, may 
prove to have an interest of its own. The same is true of the deduc- 
tion of the formula ¢ (/ + it) = o (log #), made by Weyl as well as by 
ourselves. 

3. (6) The second principal problem was, to use Weyl’s phraseology, 
that of the ‘uniform distribution’ (Gleichverteilung) of the points (An) 
where (x) is the residue of x to modulus unity. Suppose that m is the 
number of the first » such points which fall within an interval 7 of 
lengths. Then the points are said to be uniformly distributed if nj 6n for 
every such interval 7. It is plain that a corresponding definition may 
be given of uniform distribution of an enumerable sequence of points 
in space of any number of dimensions. 

That the points (A,) are uniformly distributed when k = / and a is 
irrational was proved independently by Bohl, Sierpinski, and Weyl 
in 1909-10. The general result (with the same unessential limitation 
as to the form of \,) was stated by us in our first paper in the Acta. 
Our proof, which has never been published, proceeded on the same lines 
as that of the thoerem of §2. But Weyl has now established a ‘prin- 
ciple’ which renders such a proof entirely unnecessary, and which has 
led him to results in this direction far more comprehensive than any of 
ours. ‘This ‘principle’ is expressed by the theorem: if 

pe e (md,) = 0 (n) 
1 
for every positive integral value of m, then the points (r,) are uniformly 
distributed in (0,1). The proof depends on a simple but ingenious use 
of the theory of approximation to arbitrary functions by finite trigo- 
nometrical polynomials; and there is a straightforward generalisation 
to space of any number of dimensions. 
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Weyl’s ‘principle’ enables him to deduce, with singular ease and ele- 
gance, theorems of ‘uniform distribution’ from theorems of the char- 
acter of that of §2, and to generalise them immediately to multidimen- 
sional space. It enables him to prove, for example, that the points whose 
coordinates are 


iat o) (9=1,2,..., &¢ = 1,2,.:..., 30 = 1,2,4,...) 


where a, a2, ...., a is any set of linearly independent irrationals, 
are uniformly distributed in the ‘unit cube’ of kl dimensions. All that we 
had been able to prove was that the points were everywhere dense in 



















the cube. 
4. (c) Corresponding questions arise.in connection with an arbitrary 
increasing sequence dy, Ax, As, - - - - e e Are the points (A, a), for 






example, uniformly distributed? The answers to such questions in 
general involve an unspecified exceptional set of values of a of measure 
zero, instead of (as when X,, = *) a specified set such as the rationals; 
they are, in other words, only ‘almost always’ true. 

In our first paper in the Acta we proved quite generally that the set 
(An «) is almost always everywhere dense. The corresponding theorem 
of ‘uniform distribution’ we discussed only in one especially interesting 
particular case, that in which \, = a", where a is an integer. The 
theorem is in this case substantially equivalent to results obtained by 
Borel,‘ from the standpoint of the theory of probabilities, and by Faber, 
as a corollary of Lebesgue’s theorem that a rectifiable curve has a tan- 
gent at almost every point. Our analysis however contains the first 
direct and general discussion of the problem, and leads to results nota- 
bly more precise than that of mere uniformity of distribution. These 
results were afterwards made the subject of important generalisations 
by Fowler,? whose investigations covers all cases in which 4, increases 
with tolerable regularity and as fast as an exponential of the type e”. 
Weyl’s ‘principle’ enables him to reduce this problem to a study of the 
series De (A, a), and leads him to the following theorem, so far the most 
general of its kind. Jf c > 0, 6 > 0, and X, increases by at least ¢ 
whenever n increases from h by as much as h (log h)~'~*, then 


5, = Die (ue) = 0(n), (1) 
























and the points (rn a) are uniformly distributed, for almost all values of a. 
In our second paper in the Acta we stated that the equation could, 
in very many cases, be replaced by the much more precise equation 


5, = O (n'**) 








(2) 








ald, 


(2) 
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for every positive «. The publication of Weyl’s work had led us to a 
re-examination of this question and to the following theorems. 


Pe i (i) Ant{ne] — An ©, 
(ii) }a:|?+]a)?+...+ |a,|? =O(n'*9, 


for every positive e, then 
(ii) 5, (@) = aye Qua) = O(nt*9 
1 


for almost all a’s and every positive e. 


B. If (i) is replaced by (i’) \ut{nB+] — x ©, where 0 < B <1, then 
(iii) may be replaced by 


Gi) (0) -0(n 7 *). 


To these two theorems Weyl’s forms a completing third. It should be 
observed that (i) is certainly satisfied if Ansi — An 2c > 0, and in 
particular if \, is always integral, and (ii) if 2, = O(m*), and in partic- 
ular if a, =1. 

If X, is an integer, and we separate the real and imaginary parts in 
the equation (iii), we obtain a theorem concerning a particular system 
of normal orthogonal functions for the interval (0, 1), viz., the functions 
V2 cos 2\ax, V2 sin 2xd,x. Our argument is then directly exten- 
sible to a general orthogonal system, and we are led to a new and inter- 
esting proof of Hobson’s* theorem that if ¢,(x) is any normal orthogonal 
system, and =n? | Cn |? is convergent for some positive 6, then Unda (x) is 
convergent almost everywhere. 

Weyl’s hypothesis concerning \, asserts, roughly, that the increase 
of X, is appreciably more rapid than that of (log m)?. It is easy to see 
that this hypothesis cannot be capable of much wider generalisation. 
For, when A, = log , Ss, is definitely of order”. It seems probable, too, 
that the index 4 (1 + 8) of Theorem B is the correct one. 

5. We conclude by correcting an error in our recent note. The re- 
sults concerning the special case p = 0 are stated wrongly. It is not 
true that, when p = 0, f(z) and Ss, are bounded; all that we can assert 





1 
is that they are of the forms O (10g a -) and O (log m) respectively. 


That f (z) should be bounded would contradict a general theorem of 
Fatou,’ in virtue of which a bounded function must tend to a limit, for 
almost all values of 6, when z = re” tends to the circle of convergence 
along a radius vector. The error has no bearing on the general case. 
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ON MOSELEY’S’LAW FOR X-RAY SPECTRA 
By Horace Scudder Uhler 


SLOANE PHYSICAL LABORATORY, YALE UNIVERSITY 
Commuaicated by B. B. Boltwood, December 23, 1916 


While engaged in making interpolations, by the method of least 
squares, of unknown from known wave-lengths of high frequency spectra 
I noticed certain systematic deviations from Moseley’s law which led 
me to investigate three interesting questions that have not been pre- 
viously discussed, probably because the older data did not seem to be 
sufficiently accurate to justify close mathematical analysis. These 
questions are: (i) How accurately does Moseley’s law reproduce the 
observed wave-lengths? (ii) What empirical formula will represent 
the numerical data within the limits of experimental error? and (iii) 
What is the order of magnitude of the high frequency radiations of ele- 
ments having small atomic numbers and of which the spectra have not 
yet been obtained? In the following paragraphs definite answers 
will be given to questions (i) and (ii), while a tentative solution of the 
third problem is necessitated by the fact that it involves extrapolation. 
The wave-lengths used in the computations were taken from the recent 
papers by M. Siegbahn, W. Stenstrém, and E. Friman. These data 
were chosen because they are the latest, they were all obtained in the 
same laboratory with the same spectrometers, and they constitute the 
most extensive, accurate and consistent set available. 

Moseley’s law is that, for any one series (a, 8, y, etc.), the square- 
root of the frequency of the lines is a linear function of the atomic num- 
bers of the radiating elements. In symbols Wvy = a + b N, where 
vy = frequency, N = atomic number, a and 0 are constants for one 
series. When a and 6 are calculated by the method of least squares, 
from the 48 known wave-lengths of the L-a,; series, extending from zinc 
(N = 30, = 12.346 A) to uranium (NV = 92, = 0.911 A), the values 
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obtained lead to wave-lengths which show a systematic deviation from 
the experimental data. In other words, a ‘smooth’ curve can be drawn 
through the points having as abscissae the atomic numbers and as or- 
dinates the corresponding percentages by which the calculated wave- 
lengths are algebraically greater than the experimental values. The 
extreme deviations are +2.00%, —0.62%, and + 0.46% for Zn, Ce, 
and U, respectively. Since the glancing angles are said to be correct 
within 0.3% it follows that the extreme interval of deviation (2.62%) 
must be real and that Moseley’s law does not hold exactly over the en- 
tire range. In the case of the L-f; series for which 46 wave-lengths 
from arsenic (V = 33, \ = 9.449 A) to uranium (A = 0.720 A) are 
given, another smooth curve of departure is obtained, the extreme de- 
viations being +13.35%, —3.06%, and + 5.84%, corresponding to As, 
Nd, and U, in the order named. The range 16.41% certainly cannot 
be accounted for as due only to experimental error. The data for the 
L-y; series extend from zirconium (N = 40, \ = 5.386) to uranium 
( = 0.615) and comprise 36 wave-lengths. The deviations for the 
associated curve of departure are found to be +9.22%, —1.68%, and 
+3.96% for Zr, Yb, and U, respectively. Unfortunately, only a por- 
tion of the literature relating to the K series is at present accessible to 
me. Nevertheless, the 20 wave-lengths of the means of the K-a,; and 
K-as series extending from sodium (N = 11, \ = 11.951 A) to ger- 
manium (NV = 32, \ = 1.259 A), exhibit departures from the linear rela- 
tion which are greater than the probable errors of the experimental 
numbers. In this case the original investigators state, and alsogive 
data to show, that the wave-lengths for the same line obtained from dif- 
ferent negatives agree to within 1 or 2 tenths of one per cent. Just 
as for the L-series, so here, the curve of departure with respect to the 
linear law deviates more and more as the smallest atomic number is 
approached. The deviation for magnesium was found to be +0.41%, 
and for sodium +0.74%. The answer to the first question is, therefore, 
that Moseley’s law does not hold for the entire range of the L-series 
and that it seems to be slightly inexact for the most intense lines of the 
K-series. 

The second question proposed may be answered at once. The em- 
pirical equation 


Viy =A+BN+C(D+N)“ 


was found to represent the L-series well within the limits of experimental 
error even when the values of the parameters a’, b’, C, and D were ob- 
tained by graphical processes and not by the method of least squares. 
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This equation results from adding the correction function a’ + b’ N + 
C (D + N)- to Moseley’s formula. From the mathematical point of 
view the correction terms mean that the residuals (8) of Moseley’s 
law conform to the hyperbola Né + ¢:6 + ce + csV + c,N? = 0, which 
differs from the general conic solely in the omission of the term that 
would involve the square of the residuals. In the case of the L-f; 
series—for which the linear law shows the greatest departures from the 
experimental data—the deviations of the more complicated formula 
were only + 0.15%, —0.13%, and + 0.23% for As, Nd, and U, re- 
spectively. In all cases examined B was positive while A, C, and D 
were negative. D was always an integer and, although the mathe- 
matical analysis does not preclude the possibility of fractional values, 
this peculiarity may be accidental and not may have physical significance. 

Evidence in favor of the opinion that the wave-lengths of the K- 
series fall in the unexplored region between 600 A and 12 A will now be 
adduced. Substitution of unity for NV in Moseley’s formula leads to 
the infra-red wave-length 138.7u, in the case of the mean K-a series. 
When the members of this formula are squared a parabolic equation 
with related coefficients is obtained. When WN is replaced by 1 in the 
more general parabolic expression vy = do + aiN + a,N? it is found 
that 4; = 366A. Under the same conditions the cubic yy = bo + 6, N 
+ b, N? + 6b; N* gives \, = 130A. The last equation fits the known 
wave-lengths better than either of the preceding parabolic formulae, 
especially for the longest wave-lengths (smallest values of N). The 
probable error of one residual is + 0.183% for Moseley’s formula 
(squared) and +0.102% for the cubic, that is, nearly twice as good on 
the whole. Since the extrapolated wave-length becomes shorter as 
the equation is made to conform more closely to the experimental data 
and since the values obtained from the power expansions with inde- 
pendent coefficients are both less than 400A it seems plausible to con- 
clude that the experimental wave-lengths when found will fall in the 
ultra-Lyman region. Extrapolation for the L-series would be pre- 
mature for the reasons that the interval from VN = 30 to N = 1 is too 
great and the law of nature is not yet known. 

In conclusion, I desire to express the hope that the present paper, 
which is tentative and by no means final, may stimulate experimental 
research in the difficult but very important region of the spectrum 
lying between the shortest wave-length (600 A) published by Lyman 
and the Jongest determined by Friman. 
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A NOTE ON THE FITTING OF PARABOLAS 
By John Rice Miner 


BIOLOGICAL LABORATORY, MAINE AGRICULTURAL EXPERIMENT STATION! 
Communicated by Raymond Pearl, November 28, 1916 


The formulae given by Pearson? (pp. 12-16) and Elderton® (pp. 30-31) 
for the fitting of parabolas by the method of moments assume the origin 
at the mid-point of the range. It being often more convenient to take 
the origin one unit below the first ordinate, as in working by the method 
of least squares, I have, at the suggestion of Dr. Raymond Pearl, 
worked out the formulae which result from such choice of origin. 

Let / be the range for which the parabola 


Y=Cop CeCe +. . 1. + one® 


is to be fitted to the observations, and M, = S(yx7) where the summa- 
tion includes the values of x and y for every observation. 


Then 


+4 
u,= { (co + cim + cox? +. en » Cyt”) ada 
4 


Co 1 r+11° C1 r+2 2 
= 04a — QF 1d DY 4... 


Cn reel r+n+1 
+i a alata 


Substituting r= 0, 1, 2, . . . . m in this formula we have n +1 
simultaneous equations from the solution of which we may express the 
c’s in terms of the moments and certain functions of /. 


(i). y =a@+ a2, 


co = KiMy — K2M,, 
( = — K2Mo+ KsM,, 


where 


K, == (4P + 61+ 3), Ki=2(+1), Ky = 12/P. 


(ii). y = G+ cx + cox’, 
co = KiMy — KsMi + KeMz, 
a = — KsMo+ KM, — KsMp, 
Ce = KeMy — KsMi + KoMz, 
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where 
K.=2 (nar 4145145), Ks =F (+1) (4? + 10/ + 5), 


ns o( 4314 $), x,» “ (162 + 301 + 15), 
in ou (+1), Ky = 1180/1. 


(iii). -y = Co + Cre + Cox? + Cox, 
co = KiMo — KuMi+ KuM2 — Ki3Ms3, 
a = — KuMo+ KuMi — KiuM2 + KicMs, 
a= KM — KiM,+ KixM2 — KisMs, 
6s = — KuMo + KieM; — KisM2 + KioMs, 


where 


Ky = a5 (64/6 + 480/5 + 1680/4 + 2840/8 + 2460/2 + 1050/ + 175), 


hee ~ (1+ 1) (161 + 962 + 1887 + 1401+ 35), 


om 


— 7 (160 + 104° + 192/° + 1401 + 35), 


K 


— 


ian P+ 1) (21 + 101 + 5), 
Kyu = a (16/4 + 72/* + 1207? + 84/ + 21), 


Kis - +1) (se + 7+ 2), 


2 
Ky =“ (4h 4100-45), Kry = “Ge (360 + 701 + 35), 
4200 
Kis = > + 1), Kis = 2800/1". 


The values of the K’s for values of / up to 30 are given in Table IT. 

The fitting of the following observations, given by Thiele‘ (p. 12) and 
used by Pearson? to illustrate his formulae for fitting parabolas, will serve 
as an example. Table I shows the calculations to obtain the moments 
and the resulting parabolas. It is obvious that these data are in no 
way suited to graduation by parabolas, being really a unimodal fre- 
quency distribution. They will, however, serve for illustration of 
method. 

The origin for moments is taken at X = 6 and the successive moments 
corrected by Sheppard’s formula (A)* (p. 276). 
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TABLE I 
Parabolas 
x y x ya yt yx8 
1st 2nd 3rd 

7 3 1 3 3 3 S75 11.0} —14.1 

8 7 2 14 28 56 54.3 30.9 ae.2 

9 35 3 105 315 945 51.2 46.6 62.2 

10 101 4 404 1,616 6,464 48.0 58.1 78.4 

11 89 5 445 2,225 11,125 44.9 65.4 83.1 

12 94 6 564 3,384 20,304 41.7 68.5 78.9 

13 70 7 490 3,430 24,010 38.5 67.5 68.0 

14 46 8 368 2,944 23,552 35.4 62.2 53.0 

15 30 9 270 2,430 21,870 32.2 52.8 36.2 

16 15 | 10 150 1,500 15,000 29.1 39.1 20.0 

17 4] i1 44 484 5,324 25.9 21.3 6.8 

18 5 12 60 720 8,640 22.8 —0.7 —0.8 

19 1 13 13 169 2,197 19.6 —26.9 —0.7 
Totals is. cof Oa a ss 2,930 TOUR: | BIPM Bibi os 5b iWabekadda sees secs 











My, = 501.031015 Mz = 19190.3584 





1 = 13 
M, = 2929.06288 M; = 138630. 787 
(i). 
Co = 0.344561M,  — 0.0382340M, = 60.6459 
¢, = —0.0382340M>, + 0.00546199M, = —3.15791 
(ii). 
Co = 0.935607M, — 0.275217M, + 0.0169273M, = —13.1046 
¢, = —0.275217M,) + 0.100481M, — 0.00678709M, = 
26.1762 
Ge = 0.0169273M, — 0.00678709M, + 0.000484792M, = 
— 2.095379 
(iii). 
Co= 2.158569M, — 1.173878M, + 0.172060M, —0.00738727M; 
= —79.062 
¢, = —1.173878M, + 0.760838M, — 0.120782M, +0.00542834M; 
= 75.0781 
ce = 0.172060M, — 0.120782M, + 0.0201633M, — 0.000937074M, 
= —10.53703 
Cs = —0.00738727M> + 0.00542834M, — 0.000937074M, 


+ 0.0000446226M; = 0.401978 


1 Papers from the Biological Laboratory of the Maine Agricultural Experiment Station 
No. 106. 

2 Pearson, K., Biometrika, Cambridge, 2, 1902, (1-23). 

8 Elderton, W. P., Frequency Curves and Correlation, London, 1907, pp. 172. 
4 Thiele, T. N., Forelaesninger over Almindelig Iagttagelslaere, Kj@benhavn, 1889. 
5 Pearson, K., Biometrika, Cambridge, 1, 1902, (265-303). 
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AXES OF SYMMETRY IN GLOBULAR CLUSTERS 


By Francis G. Pease and Harlow Shapley 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, January 10, 1917 


The distribution of stars in globular clusters has been extensively 
studied in the past, chiefly from the standpoint of the groupings and 
superficial arrangements of the brightest stars or on the basis of the 
variation of density with distance from the center.!_ The distribution 
with respect to direction as well as distance has been considered briefly 
for ten clusters by Bailey, who found a number of asymmetrical irreg- 
ularities among the brighter stars.2 But deductions relative to the basic 
structure of globular clusters cannot be founded safely on the most 
luminous objects alone, for investigations of the colors in these systems 
show that the brighter stars are peculiar and perhaps not at all repre- 
sentative of the enormous number of faint stars which constitute the 
greater part of the mass. 

Several points wherein globular clusters resemble our galactic system 
of stars have been noted in recent papers, and it was suggested that 
planes of symmetry may characterize the distribution of stars in clusters, 
as does the Galaxy that of the stars in general.* Although the thous- 
and brightest stars in Messier 13 gave no definite evidence of an ellip- 
tical distribution, a study with respect to direction from the center of 
the star-counts published for the bright southern cluster w Centauri‘ 
did verify the photographic appearance of an elongated form. In this 
cluster 6400 stars were counted, covering a considerable interval of 
apparent (and absolute) magnitude, while for only two of the ten clus- 
ters discussed by Bailey did the number appreciably exceed one thousand. 

The photographs of clusters with the 60-inch reflector at Mount Wil- 
son afford material particularly suited to the study of this problem. 
Plates have been obtained for nearly twenty different systems, and for 
some clusters exposures varying in length from one minute to several 
hours are available. A few plates record stars fainter than the twentieth 
magnitude. The method and progress of the counting have previously 
been reported.’ Briefly, the study of star density on each plate is 
based on counts made with the aid of a superposed reseau of small 
squares 31.4 on a side. The details of the observations and counts 
will appear eventually in the Contributions of the Mount Wilson Solar 
Observatory. The present paper indicates one of the most important 
results, considered somewhat in detail for the well-known Hercules 
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cluster, Messier 13, and more generally for the other clusters for which 
plates of sufficiently long exposure are available. 

The data have been arranged in a system of twelve equal sectors, 
and these subdivided by a series of concentric circles, according to the 
scheme shown in figure 1. Except for the shortest exposures, the 
counts within a minute or two of the center are uncertain or impossible, 
and for the inner ring are generally ignored in the discussion. In gen- 
eral, results for all such crowded regions are less reliable because of 
possible influence of the Eberhard effect or of similar photographic 
phenomena. The tedious and difficult task of counting and tabulat- 
ing more than 500,000 star images was performed by Miss Van Deusen 
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of the Computing Division. Miss Richmond, also of the Computing 
Division, has assisted greatly in the arrangement and tabulation of the 
counts for the study of distribution with respect to direction from the 
center. 

Table I and figure 2 show for Messier 13 the number of stars for suc- 
cessive sectors on several plates with increasing exposure time. The 
limits of distance from the center are 2’ and 10’, except for Plate 133, 
for which they are 3’ and 9’. The totals in the third column include 
the count or estimate of stars in the center, and also those farther from 
the center than the limiting distance used in the tabulation for the 
sectors in columns 4 to 15. 

The two maxima and the two minima in each curve show immediately 
the presence of a well defined axis of symmetry. For plates contain- 
ing only one or two thousand stars the elliptical form is little if at all 
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FIG. 2. AXIS OF SYMMETRY IN MESSIER 13. ORDINATES ARE NUMBERS OF STARS; 
ABSCISSAE ARE 30° SECTORS. 






























ASTRONOMY: PEASE AND SHAPLEY 99 


evident. To overcome the small or accidental groupings of the stars 
it appears necessary to have several hundred in each sector. No import- 
ant systematic differences between diametrically situated sectors ap- 
pear in figure 2, and, to eliminate possible errors of centering, the mean 
of the numbers for opposite sectors may be combined in discussing the 
results. 
























































TABLE I 
ELLIPTICITY FOR DIFFERENT EXPOSURES AND MAGNITUDE INTERVALS IN MEssIER 13 
DURATION; TOTAL NUMBER OF STARS IN SECTORS 
“PLATE NO. OF EX- NO. OF 
ween | ae A LB CLD bead & Par Rae SL ELL 
13 6m | 5,800 | 211) 149) 163) 198) 235) 256) 174) 154) 154! 213) 214) 235 
14 15 7,700 | 433) 264) 296) 305} 309) 401) 259) 230} 284) 314) 420) 396 
19 22 | 14,150 | 744) 672) 734) 738) 852) 825) 684) 583) 569) 638) 814) 859 
15 37.5 | 16,600 | 913} 770} 749) 763} 963|1011} 974) 804) 779) 853)1026|1008 
16 94 | 25,000 |1475)1340) 1261/1361) 1580) 1590) 1486] 1343) 1338]1431/1580)1590 
133 300 | 30,000 |1254)/1234/1126/1258/ 1368] 1300}1187/1085|1079|1232)|1463)1416 
15 minus 13 702) 621) 586} 565) 728) 755] 800} 650} 625) 640} 812) 773 
16 minus 15 562} 570) 512} 598) 617) 579) 512) 539) 559) 578) 554) 582 
TABLE II 


ELLIPTICITY AND DISTANCE FROM CENTER IN MEsSIER 13 





NUMBER OF STARS IN SECTORS 








PLATE NO. DISTANCE FROM 
A B c;D E F Gi # I J| Xk L 
16 2’ to 4’ 750| 668} 623) 670) 718) 778) 758) 683) 712) 728) 764| 762 
4 to 6 423} 361) 358) 394) 479) 438) 402} 352) 330) 386) 476) 464 
6 to 8 212} 207| 168] 198} 249) 248) 214) 194) 188] 202) 226) 236 
8 to 10 90] 104; 112} 99) 134) 126) 112) 114) 108) 115) 114) 128 
133 3 to 5 624] 640] 560} 662] 712) 658] 629) 597) 586) 642) 788) 684 
5 to 7 410| 374) 362) 394) 424) 396) 358) 292) 302) 360) 431) 471 
7 to 9 220} 220} 204) 202) 232) 246) 200) 196) 191] 230) 244) 261 
9 to 11 116} 136] 141) 100) 134) 157) 130) 124] 131] 129) 130} 118 












































The relation of the ellipticity to brightness is also shown in Table I. 
Thus Plate 13 includes stars between photographic magnitudes 13 and 
17.3; the next to last row of the table refers to the interval 17.3 to 19, 
and the last row to the interval 19 to 20. The magnitudes depend 
mostly on extrapolations and are subject to some uncertainty. 

The plates of long exposure, Nos. 16 and 133, show a sufficient num- 
ber of stars in each sector to permit a subdivision with respect to dis- 
tance, the results of which are in Table II. Because of the relatively 
small number of stars, accidental deviations greatly mask whatever 
ellipticity exists in the outer ring. The counts of stars within distance 
2’ on the plates of shorter exposure also show the elliptical form, and 
give the same general orientation. 
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So far as this analysis goes, therefore, the axis of symmetry in Messier 
13 appears to be independent of magnitude, length of exposure, and 
distance from the center. It can be located visually on some of the 
photographs of the cluster, particularly in the burned-out central por- 
tion of the longer exposures. 


TABLE III 
Evm@ENCE OF Exuipticiry IN OTHER GLOBULAR CLUSTERS 











S | DuRA- 

Zz TION /TOTAL NO. NUMBER OF STARS IN SECTORS 

CLUSTER e oFr — 
EXPO- 

: | == A;}Bi/c|p/E|Fi[Gi|H{|r1l/y{[K {LU 
M2 5 |100.0m| 6,500 |-421) 404) 463) 508) 528) 521] 458) 416) 429) 458) 511) 464 
N.G.C. 5024} 102 |180.0 | 10,100 | 655) 686] 729] 730) 738] 699] 686) 692) 724] 679] 730) 656 
329 


M15 23 | 37.5 | 9,000 | 343) 344) 350) 322) 338] 318) 336) 410) 374) 313) 320 
24 | 94.0 | 20,500 |1057/1068}1126)1070}1056| 982]1103]1194)1158/1077/1044/1076 
25 1312.0 | 26,000 |1284/1357|1430) 1366/1354) 1316) 1391) 1446] 1306) 1322|1311/1278 
M10 117 | 60.0 | 5,800 | 288) 261) 290) 327| 324) 299) 284) 275] 316) 278) 297 
114 |180.0 | 12,200 | 810} 839) 801) 777) 818) 814) 798] 792) 836] 816) 830 
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FIG. 3. AXES OF SYMMETRY IN GLOBULAR CLUSTERS. ORDINATES ARE NUMBERS OF 
STARS; ABSCISSAE ARE ANGLES OF DIRECTION. 
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An elliptical distribution of stars is not confined to the Hercules 
cluster. Counts for four other systems are summarized in Table III 
and plotted in figure 3. Three of them show unmistakable signs of 
elliptical form; the fourth, Messier 10, is a cluster with noticeably 
less condensation toward the center than usual. If the axes of sym- 
metry in the others represent the projections of galactic-like planes, 
it is possible that in Messier 10 there is such a plane of symmetry in- 
clined nearly 90° to the line of sight. The inclination to the equator 
of the projected major axis of Messier 13 is 152° (angle counted from 
Following through North). For Messier 2 and N. G. C. 5024 the in- 
clination is 133° and 105°, respectively, while for Messier 15, which 
is across the Milky Way, it is 60° and is nearly parallel to the galactic 
plane. 


1A bibliography of the more important of these investigations is given in Mt. Wilson 
Contrib. No. 115, (3-10), and No. 116, (4-8). 

2 Bailey, S. I., Cambridge, Ann. Obs. Harvard Coll., 76, (43-82). 

3 Shapley, H., Observatory, London, 39, 1916, (452-456). 

4 Bailey, S. I., Astr. and Astroph., Northfield, Minn., 12, 1893, (689-692). 

5 Washington, Carnegie Inst., Year Book, 12, 1913, (213); 13, 1914, (258). 


THE SHARE OF EGG AND SPERM IN HEREDITY 


By Edwin G. Conklin 


DEPARTMENT OF BIOLOGY, PRINCETON UNIVERSITY 
Read before the Academy November 13, 1916. 


1. Assumed Equivalence of Inheritance from Both Parents.—Practi- 
cally all students of heredity are agreed that there is a general equivalence 
of inheritance from father and mother, and O. Hertwig (1892) cites 
this as one of the evidences that the chromosomes only contain inheri- 
tance material, or ‘Erbmasse,’ since they alone come in approximately 
equal volumes from the two parents. Indeed phenomena of Mendelian 
inheritance demonstrate that, with respect to those characters which 
usually distinguish the two parents, there is equivalence of inheritance 
from each, and where offspring resemble one parent more than the other 
they are probably as frequently patroclinous as matroclinous. Further- 
more, the distribution of chromosomes in maturation, fertilization and 
cleavage is exactly parallel to the distribution of Mendelian factors, 
which practically demonstrates that the chromosomes are the seat of 
these factors. 

This conclusion has led many students of heredity to regard the cyto- 
plasm of the germ cells as of no significance in heredity. Both egg and 
sperm contain cytoplasm which is differentiated, in the former for the 
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nutrition of the embryo, in the latter for bringing the sperm into union 
with the egg; but in neither case is this differentiated cytoplasm directly 
concerned in heredity. The highly differentiated cytoplasm of the 
spermatozoon is either left outside the egg when its nucleus enters, or 
it undergoes de-differentiation within the egg; at the same time the egg 
cytoplasm ceases to form yolk, while the yolk which has been formed 
is gradually used up in the nourishment of the embryo. Consequently 
since these particular differentiations of the germ cells disappear after 
the union of egg and sperm it has been generally supposed that all 
cytoplasmic differentiations of these cells are wiped out at this time, 
and that the first differentiations of the new individual begin at the 
moment of fertilization in a wholly undifferentiated cytoplasm. 

In the higher animals at least most of the cytoplasmic differentia- 
tions of the spermatozoon are lost after it enters the egg, though some 
differentiations such as centrosome, plastosomes and archiplasm may 
persist; however there is the most positive evidence that many differ- 
entiations of the egg cytoplasm persist and play an important part in 
embryonic differentiation. 

2. Egg Differentiationswhich persistin Embryo and Adult.—(1) Polarity. 
The polarity of the egg invariably determines the polarity of the em- 
bryo and adult. In all animals the chief axis of the egg becomes the 
chief axis of the gastrula, and this becomes the chief axis of the adult 
in sponges and coelenterates (protaxonia), or, as in all other metazoa 
(heteraxonia), this axis is bent on itself by the greater growth of the 
gastrula on its posterior side so that the chief axis of the adult is a modi- 
fication of the gastrular axis. In either case the polarity of the unfer- 
tilized egg determines the localization of developmental processes and 
ultimately the polarity of the developed animal. 

(2) Symmetry. In most animals the egg is spherical in shape and 
appears to be radially symmetrical, nevertheless observation and experi- 
ment show that such eggs are sometimes bilateral, as is probably the 
case in Amphioxus, ascidians, fishes and frogs. In the case of the 
frog’s egg it was long believed that the plane of bilateral symmetry was 
determined wholly and exclusively by the path of the spermatozoon 
within the egg; more recently it has been shown by Brachet (1911) that 
primary bilateral symmetry is present before fertilization, though after 
fertilization the plane of symmetry may be shifted into the path of 
the spermatozoon. It is probable that all bilateral animals come from 
eggs which show a similar primary bilaterality and that this differen- 
tiation precedes fertilization. In cephalopods and some insects all 
the axes and poles of the developed animal are already recognizable 
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in the egg before fertilization. Symmetry, therefore, as well as polarity 
is derived from the egg and not from the sperm. 

(3) Inverse Symmetry (Asymmetry). In many animals the right and 
left sides of the body are not completely alike, and this is especially 
true of internal organs. This asymmetry is especially well developed 
in gasteropods in which certain organs of one side of the body are entirely 
lacking; some species or individuals have these asymmetrica] organs 
on one side, others on the other side, and correspondingly the snail shell 
coils in a clock-wise direction in one case, an anticlock-wise direction 
in the other. It was discovered by Cramptom (1894) and Kofoid (1894) 
that in sinistral species the direction of certain cleavages of the egg 
(viz. the third to the sixth) was the reverse of the corresponding cleav- 
ages in dextral species and Conklin (1903) showed that the first and 
second cleavages also were in opposite directions in dextral and sinistral 
snails. Consequently the ‘inverse symmetry’ of these snails may be 
traced back through the later and earlier cleavage stages to the unseg- 
mented egg itself which is inversely symmetrical in sinistral as com- 
pared with dextral forms. 

(4) Types of Egg Organization. The polar differentiation of an egg 
is manifested particularly in the localization of different kinds of ma- 
terials in different parts of the egg. These materials may be inert 
pigment or yolk, but their localization by the activity of the cytoplasm 
indicates a definite pattern of organization in the cytoplasm. This 
pattern of egg cytoplasm differs greatly in certain phyla, there being 
a coelenterate type, an echinoderm type, an annelid-mollusk type, 
and a chordate type. The type of egg organization foreshadows the 
type of adult organization; in ascidians for instance distinct cytoplasmic 
substances are found in the egg in the same relative positions and pro- 
portions as the ectoderm, endoderm, mesoderm, notochord and nerv- 
ous system of the embryo. 

That the fundamental pattern of egg cytoplasm is not influenced by 
the spermatozoon is proved by the following facts: 

a. It exists before fertilization, or it appears so soon after that it 
could not have been caused by the sperm. 

b. In heterogeneous fertilization the pattern of the egg is not changed 
by the foreign sperm. 

c. Natural or artificial parthenogenesis demonstrates that this pat- 
tern exists in the absence of fertilization. 

These as well as other facts such as the correspondence between 
the size of the egg and the size of the embryo (Morgan); the transmis- 
sion of chromatophores and peculiarities of leaf coloration by the fe- 
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male and not by the male germ cells in plants (Baur, Shull); the trans- 
mission in the egg cytoplasm of fat stains, chemical substances, im- 
munizing bodies and possibly parasites prove that, “at the time of 
fertilization the hereditary potencies of the two germ cells are not equal, 
all the early development, including the polarity, symmetry, type of 
cleavage, and the relative positions and proportions of future organs 
being predetermined in the cytoplasm of the egg cell, while only the 
differentiations of later development are influenced by the sperm. In 
short, the egg cytoplasm fixes the type of development and the sperm 
and egg nuclei supply only the details” (Conklin 1908). 

Ontogeny begins with.the differentiation of the egg in the ovary and 
not at the moment of fertilization; at the latter time some of the most 
general and fundamental differentiations have already occurred. In- 
deed the cytoplasm of the egg is the more or less differentiated body 
of the embryo. 

3. Is Inheritance through the Egg Cytoplasm Non-Mendelian?—When- 
ever a character is transmitted as such through the egg cytoplasm and 
not as factors in the chromosomes of egg and sperm it is not inherited 
in Mendelian fashion. Thus if chromatophores are transmitted from 
generation to generation in the cytoplasm of the egg and are at no time 
influenced by the sperm, their mode of inheritance is non-Mendelian. 
If the polarity, symmetry and pattern of the egg do not arise during 
oogenesis, but are carried over unchanged from generation to generation 
they are also non-Mendelian characters. With regard to the polarity 
of the egg, it is not certain whether it is transmitted in this manner or 
not; but its symmetry and pattern of organization are evidently developed 
anew in each generation. It is a significant fact that in oogonia and 
spermatogonia the volume of the nucleus is sometimes greater than 
that of the cytoplasm, and in all cases it is relatively greater in early 
stages of the genesis of the sex cells than in later ones. In general the 
relative volume of nucleus and cytoplasm is a good measure of the 
differentiation of the latter. Most of the cytoplasmic differentiations 
of the egg and sperm arise during the genesis of those cells, just as in 
the case of tissue cells. Nerve cells and muscle cells differentiate under 
the influence of maternal and paternal chromosomes, and undoubtedly 
the same is true of most of the differentiations of egg and sperm; but 
while some of these egg differentiations persist in the new individual 
those of the sperm do not. Consequently, in each generation the egg 
contributes more than the sperm to ontogeny. There is cytoplasmic 
inheritance through the female only, but these cytoplasmic characters 
are themselves of biparental origin. 
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This is Mendelian inheritance though somewhat complicated by the 
fact that every ontogeny has its beginnings in the preceding generation. 
Therefore, the conclusion which I recently expressed (Conklin 1916) 
viz. that polarity, symmetry and pattern of egg organization are non- 
Mendelian characters, is not justified. 

Somewhat similar phenomena have been described by McCracken 
(1909) ; and Toyama (1913) in silk worms and by several authors (Locke, 
Castle, e¢ al) in the seed characters of maize, wheat, etc. McCracken 
found that when two races of the silk worm are crossed one of which 
produces one brood a year (univoltin) and the other two (bivoltin), 
the F; offspring are all like their mother and in the F: generation “the 
broods fail to follow both parents in the expected proportions. There- 
fore,”’ she concludes, “‘the Mendelian law does not hold in this case.” 
Castle (1910) has criticised this conclusion and has explained these re- 
sults on the ground that voltinism is inherited through the egg and that 
univoltinism is a Mendelian dominant to bivoltinism. Toyama (1913) 
has described in detail the mode of inheritance of several egg characters 
of silk worms and has shown that whereas these seem to be non-Men- 
delian they are in reality Mendelian, ‘“‘the cause of disturbance of the 
proper order being due to the fact of maternal inheritance, in which pa- 
ternal characteristics remain dormant, even though dominant in the 
egg stage.” 

Brachet, A., Arch. biol. Paris-Brusselles, 26, 1911, (337-364). 

Castle, W. E., J. Exp. Zool., 8, 1910, (185-192). 

Conklin, E. G., Anat. Anz., Jena, 23, 1903, (577-588); Science, New York, 27, 1908, 
(89-99); Heredity and Environment, 2d Ed., Princeton, 1916. 

Crampton, H. E., Ann. N. Y. Acad. Sci., 1894, (167-169). 

Hertwig, O., Zelle und Gewebe, Jena, 1892, (1-296). 

Kofoid, C. A., Boston, Proc. Amer. Acad. Arts. Sci., 29, 1894. 

McCracken, I., J. Exp. Zool., 7, 1909, (747-764). 

Toyama, K., J. Genetics, 2, 1913, (351-405). 


A CONTRIBUTION TO THE PETROGRAPHY OF THE ISLAND OF 
BAWEAN, NETHERLANDS INDIES 


By J. P. Iddings and E. W. Morley 


BRINKLOW, MARYLAND, AND WEST HARTFORD, CONNECTICUT 
Communicated, December 21, 1916 


The mountainous island of Bawéan, between Java and Borneo, was 
formerly a group of volcanoes, now extinct and considerably eroded. 
It is about 9 miles in diameter, and the highest peaks are 2000 feet above 
the sea. The original form of the cones and craters has disappeared, 
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and sharp peaks with steep spurs and deep valleys, covered with tropi- 
cal vegetation, constitute the dominant features of this picturesque and 
thickly populated island. 

Verbeek, who with Fennema described Bawéan in their report on Java 
and Madura, noted the presence of leucitic and nephelitic lavas, to- 
gether with trachytes, andesites and intermediate varieties. During 
a visit of four weeks in 1914 one of us collected rocks from numerous 
localities and studied the relations of the lavas to one another, so far 
as the covering of soil and vegetation would permit. Some of the 
specimens collected have been analyzed by Dr. Morley, and are the 
first rocks from Bawéan to be analyzed, so far as known to the writers. 

The bulk of the lavas appear to be dark basaltic rocks with small 
phenocrysts of augite. They vary somewhat in habit, owing to the 
size and prominence of the phenocrysts and the denseness of the ground- 
mass. They occur mostly as breccias, or tuffs containing blocks of 
various sizes, and to a less extent they are massive flows and dikes. 
They appear to constitute the body of the central mountains, and to be 
the older, or main mass of erupted material. With these basaltic rocks 
are associated lighter colored massive lavas, phonolites and trachytes, 
which form hills, spurs and ridges in all parts of the island. They ap- 
pear to have been erupted from fissures, possibly from parasitic cones, 
on the flanks of the basaltic volcanoes, and probably were the latest 
eruptions in the district. However, no definite relations, or contacts, 
of the various bodies. of lava were observed, the relative ages of the 
basaltic and phonolitic lavas being indicated by their modes of occur- 
rence, which are like those of similar lavas in other volcanic districts 
in this part of the world. 

Upon microscopical study it is found that the basaltic lavas are almost 
wholly leucite-bearing olivine-augite rocks with subordinate amounts 
of feldspar, both calcic plagioclase and alkalic feldspar, in part antho- 
clase, besides nephelite. These minerals vary in relative amounts in 
different lavas, and are variously developed according to the degree 
to which the rocks have been cystallized. In some instances the 
constituents of the groundmass are so minute as to be obscure and identi- 
fiable with difficulty. In such cases it is the alkalic feldspar and nephelite 
or leucite that is ill-defined. Judging by the better crystallized rocks, 
three of which have been analyzed chemically, analyses 1, 2,3, the 
basaltic rocks are mostly vicoites, that is, leucite-nephelite-basalts with 
subordinate amounts of alkalicalcic feldspar and orthoclase. Some 
have more plagioclase and approach leucite-basanites or leucite-tephrites. 
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No rocks were collected which could be classed as andesites, nothing 
resembling the andesitic lavas so common on Java. 

The rock, whose chemical composition is shown in analysis 1, is dark 
colored with abundant phenocrysts of augite, which are green in thin 
section, and with fewer of olivine. The groundmass is holocrystalline, 
and consists of leucite and prismoids of plagioclase, partly inclosed in 
poikilitic orthoclase and nephelite. There is some magnetite. The 
_ mode is richer in leucite than the norm, and poorer in nephelite, owing 
to the presence of albite molecules in the lime-soda-feldspars. There 
is less orthoclase also in the mode than in the norm. 

The rock, from which analysis 2 was made, is from the same locality 
as the first, but differs from it somewhat in habit, being more distinctly 
porphyritic, with phenocrysts of green augite which are markedly 
zonal in thin section. The groundmass consists of augites, small olivines, 
pronounced leucites, with less conspicuous prismoids of plagioclase, 
and some magnetite. The ill-defined matrix probably contains ortho- 
clase and nephelite. The mode of this rock is much richer in leucite 
than the norm, with other corresponding differences in the felsic con- 
stituents. These two rocks occur at the Falls of Grotjokan, near the 
center of the island. 

The rock of analysis 3 occurs on the southwest coast of the island. 
It is light gray, with small, inconspicuous, phenocrysts of augite and 
scattered olivines. The holocrystalline groundmass consists of anhedral, 
poikilitic, lime-soda-feldspars, with microcline-like polysynthetic twin- 
ning, besides poikilitic orthoclase. Both kinds of feldspar inclose euhe- 
dral microlites of leucite and nephelite. Thic rock is more feldspathic 
than the vicoites just described, and its chemical analysis and norm 
show that it is transitional to the rock of analysis 1, and that it be- 
longs in the magmatic division II. 7. 2. 3 of the Quantitative System 
of Classification. It is proposed to name this division, II. 7. 2. 3, 
baweanose, for, although the rock from Tandjung Anjer is transitional 
in composition, other varieties of lava will probably be found on Bawéan 
which will be still more salic, and will have a composition correspond- 
ing to the symbol II. 7. 2. 3. 

The phonolitit lavas of the island belong to several varieties. Most 
of them are nephelite rocks with small phenocrysts of orthoclase and 
nephelite in a groundmass of alkalic feldspars, nephelite and pale green 
augite, with some sodalite; others, with similar phenocrysts, consist 
of minute enhedral nephelites, anhedral, microperthetic, alkalic feldspar, 
and clusters of poikilitic aegirite-augite with small prismoids of what is 

















PETROLOGY: IDDINGS AND MORLEY 


TABLE OF CHEMICAL ANALYSIS AND Norms OF BAWEAN LAVAS 


























1 2 3 4 5 6 

PK bs USS SEs Sos eae 45.85 45.81 47.76 55.89 55.25 | 53.58 
0 Se Po ete 13.88 15.61 17.29 20.93 22.58 | 21.30 
a cnicann ese nbs 3.89 3.98 2.89 1.82 1.85 2.16 
aan sa cebas cases 6% 4.81 4.94 3.55 0.42 0.58 1.77 
A ietessb.8s shaeeun 7.69 4.78 4.22 0.32 0.06 0.71 
BR Sh kt oeic thse os oe en 11.62 11.66 8.06 1.23 1.35 2.89 
I rs ii eet bia atts 3.08 3.27 4.70 10.06 8.85 5.31 
Mg ep alg we ih ok 4.32 4.31 6.77 6.18 7.29 4.74 
BE Scns se chases rebeks 0.64 0.35 0.97 0.87 0.82 3.56 
DS POPE reer ee 0.50 0.40 0.76 0.26 0.08 2.34 
| EDS ens eens ey 1.09 0.96 0.75 0.23 0.19 0.37 
ns ts at pee awe caies 0.00 0.00 0.01 tr. tr. 0.00 
aie ds os cc oscuawces ue 0.50 1.91 0.11 0.10 0.00 0.00 
ES sun ksnen be wawes yy 0.93 0.75 0.78 0.18 0.11 0.23 
| ESS Oe, aaa eee ae 0.15 0.26 0.25 0.33 0.39 0.59 
SA pergin eeyearnrn 0.03 0.03 0.09 0.09 0.12 0.02 
ELSE AEN a Oe 0.05 0.05 0.03 0.06 0.05 0.06 
SS Sh tbc vec des asetee 0.06 0.02 0.03 tr. 0.01 as 
8 RRs Ree a See a 0.31 0.20 0.41 0.96 0.20 0.61 
RE Sere 0.14 0.17 0.12 0.06 tr. 0.13 
> ERR SE NOI es ae ees eet 0.07 0.07 0.12 tr. 0.05 0.13 

99.61 99 .53 99.67 99.99 99.83 | 99.90 

Norms 

Wika cveb edrcus eniseamaes 17.79 23.35 24.46 36.70 43.37 | 27.80 
Os ee at anianch wa hase 20.96 18.86 | 40.35 
Ore ta soa oc annie swag 11.12 15.01 6.12 .28 | 14.18 
ee Sr oak bes Neko hess 14.20 15.05 21.58 28.12 30.39 2.27 
Riek Rae. ci eiWsteins cies 6.10 1.74 12.21 
Mi tutickntekd whines ase 2.35 
TN et an Lm sunk 5.08 
MAG 5cs Co Sis ws ence neue 1.46 
Sas er dd et seahis veo 32.85 30.34 23.10 4.77 0.22 
ii hask Hon hes pie aKsin Kes 2.20 
ros aia og dak enna bites 5.60 1.39 2.36 0.44 1.87 
Rasa so 4 oa haa bes bam 5.80 5.80 4.18 1.86 3.25 
MUGS tay sh 65 bu beeen ewes’ 0.64 
PR Wa viw vers Ors s8.25 0058 2.13 1.82 1.52 0.46 0.46 0.76 
i a snivn vn awn 2.02 2.02 2.02 0.34 0.34 0.34 
ee A a oa gai ghia 1.93 3.02 2.25 1.71 1.52 6.57 

99.54 99.54 99.80 100.04 | 100.14 | 99.74 
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. Vicoite, shonkinose-cascadose, III. ’7. 2. 3, Grotjokan Falls. 
. Vicoite, ourose-shonkinose, ‘III. 6. 2(3). 3, Grotjokan Falls. 
. Vicoite, janeirose-baweanose, II (III). 7. (1)2. 3, Tandjung Anjer. 

. Tinguaite, miaskose-laurdalose, (I)II. 6’. 1.'4. S. of Limpang Kopeng. 
. Tinguaite, beemerose-miaskose, I. 6’. 1. (3)4, S. W. spur Gunung Besar. 
. Sodalite-trachyte, pulaskose-laurvikose, I’. 5. 2. (3)4, West side of Pulu Mepuri. 
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probably colorless pyroxene, possibly jadeite. This tinguatic phonolite 
forms fissile massive bodies, having a chemical composition shown by 
analyses 4 and 5; one from south of Limpang Kopeng in the east cen- 
tral part of the island, the other from a southwest spur of the central 
mountain, Gunung Besar. 

Other phonolitic rocks have a trachytoid groundmass of prismoid 
alkalic feldspars with small leucites in some varieties, and minute en- 
hedral sodalites in others. Still fewer are trachytes with almost no 
recognizable feldspathoid constituent. 

Analysis 6 is of a sodalite-trachyte which appears to contain some 
kaolinite, but the thin section does not show the presence of any hy- 
drous mineral. The chlorine in the analysis corresponds to 8% of 
sodalite. 

The rocks from Bawéan so far analyzed are strongly alkalic, with 
relatively high potash in the vicoites. They are chemically similar 
to the leucitic rocks of Mount Mourah in Java, and to the leucitic and 
nephelitic rocks of the Maros district in Celebes, but they differ in 
petrographical characters from the rocks of both these districts. 


THE PHYLOGENETIC DEVELOPMENT OF SUBAPTEROUS AND 
APTEROUS CASTES IN THE FORMICIDAE 


By William Morton Wheeler 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 
Read before the Academy, November 14, 1916 


It is generally admitted that each of the four groups of social insects— 
the social bees, social wasps, ants and termites—has had an independent 
phyletic origin and history and that the similarities in their habits are 
due to parallelism, or convergence, of which, indeed, they exhibit strik- 
ing examples. In both the fertile and sterile females of social wasps 
and bees the wings show no signs of reduction, whereas these appen- 
dages are well-developed in the fertile females (females proper) of the 
great majority of ants, at least prior to fecundation, but are normally 
always absent in the sterile females, or workers. Paleontology proves 
that identical conditions have long existed in the Formicidae as a fam- 
ily, since they are clearly shown in the abundant and beautifully pre- 
served ants of the Baltic amber from the Lower Oligocene Tertiary.' 
Writers also agree that the ants must be descended from certain 
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primitive wasps belonging to the families Scoliidae, Mutillidae and 
Thynnidae, but authorities differ as to which of these families should 
be selected as the most probable ancestors. Emery? believes that the 
ants arose from the Mutillidae, Forel from the Thynnidae and Hand- 
lirsch* from the Scoliidae. But as all three families are so closely re- 
lated to one another that authorities fail to assign them the same limits, 
the differences of opinion are after all not very pronounced. 

Handlirsch‘ advances the opinion that the ants first made their ap- 
pearance during the Cretaceous, but I am inclined to seek their origin 
in an earlier period, during the Jurassic or possibly even as far back as 
the Triassic. According to Schuchert,’ these were periods of maxi- 
mum continental emergence and aridity and would therefore present. 
what I conceive to be the optimum environmental conditions for the 
development of the family Formicidae. The insects most closely re- 
lated to the ants (Thynnids, Scoliids, Mutillids) are very decidedly 
xerothermic and hence confined to deserts or to hot sandy and gravelly 
situations, and the ants present a number of peculiarities which seem 
to indicate more or less clearly that they originally lived and developed 
in the same kind of a habitat. They are at the present time extra- 
ordinarily abundant in species and individuals in the desert regions 
of the globe (Australia, North Africa, Sonoran Regions of North America) 
and as a group seem to show in their inherited small average stature 
the stunting effects of an arid environment. The great majority of 
species have retained the primitively terrestrial and fossorial habit, 
which is an obvious adaptation to avoiding intense heat, insolation and 
evaporation during the summer months and the cold of nights and of 
the winter. The aptery of the workers and deidlation in the females 
are closely connected with such habits. Most of the species, moreover, 
are decidedly petrophilous and many are exquisitely hypogaeic. The 
marriage flight, to which the males and females of most of the species 
so rigidly adhere, would seem to be a habit that had originated in open, 
unobstructed country. The adaptations, though numerous and intri- 
cate, to living in mesophytic and hygrophytic forests (Amazonian and 
East Indian rain-forests) are clearly secondary and of much more re- 
cent origin. 

That the workers of ants originally possessed wings like the females 
is shown by the presence of minute vestiges of these organs in the larval 

and pupal stages* and by the occasional, pathological development of 
_ very small wings in the adult. This condition occurs in the ‘pterergates’ 
found by Donisthorpe’ and myself* in certain species of Myrmica, Cryp- 
tocerus and Lasius. The development of aptery, with the concomitant 
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simplification of thoracic structure (micronoty) so universal in the workers, 
is evidently a phylogenetic process, which was completed in most ant- 
genera before the Lower Oligocene. Apiery is, of course, to be care- 
fully distinguished from dedlation, the dropping of the wings by the 
female ant immediately after fecundation. Dedlation is really a form 
of mutilation (autotomy) which has been practiced by female ants for 
millions of years without necessarily entailing any modification or diminu- 
tion in the development of wing structures. Compared with this case 
of the non-inheritance of mutilations, the cases usually cited in the 





FIG. 1 


Winged, macronotal female of Monomorium rothsteini Forel var. humilius Forel, lateral 
view. 


text-books, such as circumcision and the docking of tails in mice, are 
insignificant, because they refer to such limited series of generations. 

There are a few genera of ants, especially in the subfamily Myrmi- 
cinae, in which it is possible to trace all the transitions in thoracic struc- 
ture from that of the female to that of the worker, except that, in all 
cases hitherto recorded, the wings show no transitions, but are per- 
fectly developed in the typical female and entirely lacking in all the 
other forms of the series. Good examples are certain species of M-yrme- 
cina (M. graminicola) and Leptothorax (L. emersoni), but of all the genera 
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I have studied Monomorium is the most instructive in this connection, 
because at least two of its species exhibit a normal and hitherto un- 
suspected condition of subaptery in the female. Some years ago Forel’ 
described a Monomorium rothsteini from worker specimens received from 
Queensland, Australia, and later distinguished two varieties of it, 
humilius, from Tennant Creek, Central Australia and /eda," from 
northern Queensland. During December, 1914, I observed many -colo- 
nies of rothsteini in various localities in Queensland. The workers of 
this species store their subterranean nests with small grass-seeds and 
are therefore harvesters, like the species of Holcomyrmex, now regarded 
as a subgenus of Monomorium. Among a lot of ants recently received 
from the Museum of South Australia I find a large series of cotypes of the 
var. humilius comprising 14 specimens of the female, which was unknown 
to Forel. This phase measures 7—7.5 mm. and has long, well-developed 
wings (6.8-7 mm.). In the same collection I find three series of a closely 
allied species, which I shall describe in another place as M. subapterum 
sp.nov. Two of the series, representing the typical form of the species, 
comprise numerous workers, 10 males and 10 females (5 dedlated) taken 
by Mr. W. D. Dodd on the Harding River in North West Australia 
and one female and several workers taken by the same collector at 
Derby in the same region. The remaining series represents a color 
variety of subapterum, which I shall call bogischi var. nov., comprising 
several workers and four females (three deilated) from Point Wake- 
field, South Australia (G. P. Bogisch). The winged females in all three 
series measure 6.5—7 mm. and agree in having very small wings, measur- 
ing only 3 mm., and a distinctly smaller thorax than rothsteini. There 
are other specific differences which need not be discussed at the present 
time. Figs. 1 and 2, drawn to the same scale, show the differences in 
wing and thoracic structure between the females of the two species, 
corresponding to what may be called the macronotal, winged and me- 
sonotal, subapterous types respectively (1 and 2, p. 114). The males of 
M. rothsieini and subapterum show no differences in the size and develop- 
ment of the wings, which in both are large and of the usual structure. 
There can be no doubt that the deilated females of two of the series 
of subapterum originally bore small wings like the nondedlated individuals. 
The fore wings have a singular truncated apical border, as if they had 
been trimmed with scizzors, and this appearance is accentuated by the 
fact that the membranes are as thick at the border as at the base. Itis 
certain, however, that the wings have not been reduced to their present 
form by the mandibles of the ants. The venation is abortive, only the 
submarginal vein being distinct, although the fore wings show faint 
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traces of the basal portions of some of the other veins. Brues' distin- 
guishes three classes of vestigial wings among insects: those having 
essentially a pupal character, those essentially normal, except for their 
smaller size and less complex venation and those consisting of little more 
than a hollow bag, without venation. The wings of M. subapierum 
evidently belong to the second class. 

In six specimens of a pale variety of Monomorium rubriceps Mayr 
(cinctum var. nov.) taken by Mr. Albert Koebele in Victoria, Australia, I 
find the following graduated series of forms connecting the subapterous 
female with the typical worker. One specimen (fig. 3a and 6), meas- 
uring 6.5 mm. has the ocelli well-developed, the thorax rather small 
but with distinct mesonotum, scutellum, metanotum, paraptera and 





FIG. 2 
Subapterous, mesonotal female of Monomorium subapterum sp. nov., lateral view. 


tegulae, with stumps of wings and on the right side one nearly entire 
posterior wing. The latter is evidently vestigial, though its tip is lack- 
ing. The remaining vestigial wings have evidently been lost by deilation. 
This specimen is therefore a partially deilated female in a more ad- 
vanced stage of subaptery than the female of M. subapterum. A second 
specimen (fig. 3c) is slightly smaller and has a similar thoracic structure, 
except that the tegule and paraptera are lacking and the thorax has 
never borne wings. A third and fourth specimen (fig. 3d) measure 
4.5-5 mm. and have small ocelli and the thorax is still more reduced 
and worker-like, but the mesonotum, though small and flat, is distinct 
and there is a visible promesonotal suture and a metanotal sclerite. 
The two remaining specimens, 3.5—-4 mm. long (fig. 3e), are normal 
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workers, without distinct mesonotal and metanotal sclerites and with- 
out ocelli. The first specimen is therefore of the subapterous meso- 
notal type, the second is apterous and stenonotal, the third and fourth 
are ergatogynes. Thus the three species, M. rothsteini, subapterum 
and rubriceps together represent all the principal stages from the per- 
fect female to the worker. 

My study of the large genus Monomorium shows that in some species 
the only females are stenonotal and apterous (M. floricola, carbonarium, 
etc.), whereas in others they are ergatogynes (M. venustum, schurri, 
etc.). In still other species both winged and ergatogynic forms occur 
(lee, dichroum, etc.). This “morphological restlessness” of the female 
is evidently a survival of a condition which was once common to all 
ants but which has disappeared in most genera through a survival of 
the two extremes of the graduated series of forms, the macronotal, 
winged form (female proper) and the micronotal, apterous form (work- 
er), and the suppression of all the intermediate phases. That the 
species of Monomorium should retain so complete a picture of the various 
stages that have led up to the development of the worker caste is not 
surprising when we stop to consider that the genus is one of the most 
primitive in the subfamily Myrmicine. This is shown by its simple 
morphological characters, the present cosmopolitan distribution of its 
species, their dominance in the ant-faunas of regions noted for the archaic 
character of their biota (Africa, Southern Asia, Australia and New 
Zealand), and the known geological age of the genus, which is repre- 
sented in the Baltic amber by two species differing but slightly from 
existing forms. Space forbids a discussion of a few other Formicid 
genera in which a similar diversity of females is known to occur. Among 
the ants as a family we may conveniently recognize the following female 
types which at the same time represent stages in the phylogenetic de- 
velopment of the worker: 

1. The macronotal, winged female.—Most ants. 

2. The mesonotal, subapterous female-——Monomorium subapterum 
and rubriceps var. cinctum. 

3. The stenonotal apterous female——Some species of Monomorium, 
Anochetus, Myrmecia, Odontomachus hastatus, etc. 

4. The micronotal female, or ergatogyne.—Some species of Mono- 
morium and Crematogaster, Polyergus refescens. 

5. The ergatoid female—Leptogenys, Acanthostichus, Sphinctomyr- 
mex, Onychomyrmex, Paranomopone. These forms grade into the 
‘dichthadiigynes’ of the Dorylinz. 
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6. The gynaecoid worker.—Ocymyrmex, Leptomyrmex, Diacamma, 
Rhytidoponera, etc. 

In this connection it is interesting to note that a series of forms be- 
tween the winged female and worker closely paralleling those described 
in the preceding paragraphs, may be developed in ants as the result 
of parasitism and therefore under pathological conditions. Mrazek," 
Donisthorpe“ and I* have shown that small-winged or subapterous 
females (‘mermithogynes’) are produced in Lasius niger by the presence 


¥¥e 








FIG. 3 


Monomorium rubriceps Mayr. var. cinctum var. nov. a, Mesonotal, incompletely deilated, 
subapterous female, lateral view; b, thorax of same, dorsal view; c, thorax of stenonotal 
apterous female, dorsal view; d, thorax of ergatogyne (micronotal female), dorsal view; ¢, 
thorax of worker, dorsal view. 


of Nematode worms (Mermis sp.) in the abdominal cavity, and Was- 
mann’* and others have demonstrated that ‘pseudogynes,’ i.e., forms 
closely resembling ergotogynes and ergatoids, are produced by the 
parasitism of Lomechusine beetles (Lomechusa, Atemeles, Xenodusa) 
on the ant colony as a whole. Gynaecoid workers, finally, may be de- 
veloped by what really amounts to a pathological disturbance in the 
trophic status of the colony when it loses its queen. 

Attention may also be called to a parallel tendency to aptery and 
micronoty in the males of certain ant-genera. Thus the male of Sym- 
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myrmica chamberlini has lost its wings, but apparently so recently that 
it still retains the typical male structure of the head, antennae and thorax, 
even to the development of the Mayrian furrows. In several other 
genera (Formicoxenus, Cardiocondyla, Ponera), however, the males 
have acquired the same structure of the head and thorax as the worker, 
so that they can be distinguished only by their genitalia and the num- 
ber of their antennal joints. In one species (Amergates atratulus) the 
apterous male degenerates still further into an almost pupoidal condition. 

The facts briefly presented in the preceding paragraphs seem to me 
to have an important bearing on the question of continuous variation 
versus mutation in the production of organic forms. In most species 
of ants the constant and striking structural differences between the 
different castes would, at first sight, suggest that such forms as the 
apterous females, apterous males, soldiers and workers, must have 
arisen as so many saltatory variations, or mutants and that they sur- 
vived and secured representation in the germ-plasm, because they 
happened to fulfill specialized and useful functions in the life of the 
colony. I believe, however, that this view of the castes, at least so 
far as their origin is concerned, cannot be maintained, because all the 
available evidence points to their being merely the surviving extremes 
of graduated and continuous series of forms, the annectant members 
of which have suffered phylogenetic suppression or extinction. This 
is most clearly seen in the case of the soldier and worker. Only within 
comparatively recent time, i.e., probably since the middle Tertiary, 
has the originally monomorphic worker caste become polymorphic 
in certain genera (Camponotus, Attia, Pheidologeton, some species of 
Pheidole), i.e., developed a complete series of workers ranging from 
huge-headed major workers or soldiers (macrergates, dinergates) 
through intermediates of various sizes (desmergates) to small workers 
(micrergates). There is much evidence to show that in some genera 
(e.g., Pheidole, Oligomyrmex, etc.) all the forms in this series, except 
the dinergates and micrergates, have been suppressed, so that a marked 
dimorphism of the worker caste, simulating an origin of one or both 
of the forms by mutation, has been produced. In other genera (Care- 
bara, many Solenopsis) the soldier form has also been suppressed, so 
that the worker caste has again become monomorphic through the sur- 
vival of nothing but the smallest forms (micrergates) of the originally 
graduated series. Finally, in certain parasitic ants, (Amergates, Aner- 
gatides, Epecus, Wheeleriella, etc.) the last traces of the worker caste 
have vanished, just as in several Australian genera (Leptomyrmex, 
Rhytidoponera, Diacamma)"’ and the South African Ocymyrmex'* the 
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female caste has been abolished and its reproductive function trans- 
ferred to gynaecoid workers, i.e., to forms differing from ordinary workers 
only in their ability to produce worker as well as male offspring. It is 
very probable that even this abolition of whole casts has been accom- 
plished by very slow and gradual processes and not by sudden varia- 
tions, or mutations. 
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REFRACTIVITY DETERMINED IRRESPECTIVE OF FORM, BY 
DISPLACEMENT INTERFEROMETRY 


By Carl Barus 


DEPARTMENT OF PHYSICS, BROWN UNIVERSITY! 
Communicated December 13, 1916 


1. Introductory—Some time ago? I made a number of experiments 
on the use of curilinear compensators in connection with the displace- 
ment interferometer. It is obvious that the curvature in such a case 
must be very small, so that single lenses for the purpose are not easily 
obtained. The use of a doublet of two lenses of the same glass but 
respectively convex and concave, meets the case fairly well, the neces- 
sary refracting power being obtained by spacing the doublet. Lenses 
of about one diopter each gave the best results, bringing out fringes 
of quasi-elliptic and hyperbolic symmetry in great variety. 

Later it appeared as if plates of different varieties of glass, as for 
instance crown and flint, if placed in the two interfering beams would 
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produce the same phenomena. The flint plate used, however, proved 
to be inadequately plane, so that the result is in doubt. 

More recently I have endeavored to secure similar results by submerg- 
ing the lens (convex or concave) in a liquid of about the same index 
of refraction. This method would seem to be interesting in other 
respects; for it is probable that the index of the solid may be deter- 
mined in this way irrespective of form.’ If for instance the liquid 
and the solid have the same index, one would be tempted to infer that 
the latter may be removed or inserted, without displacing the center 
of ellipses at the particular wave length under consideration. The index 
of the liquid in place is then also determinable by the interferometer, 
to a few units in the fourth place. Unfortunately the problem is not 
so simple. 

If experiments of the present kind are to be accurate, it is obvious 
that the walls and cavity of the trough in which the lenses are to be 
submerged must be optically plane-parallel. Otherwise some compen- 
sating adjustment must be made at the opaque mirrors of the inter- 
ferometer and for this no adequate allowance can be made. It did not 
however seem worth while to provide expensive apparatus, before the 
method had been worked out in detail. Accordingly the present ex- 
periments were conducted with troughs of ordinary plate glass put 
together by myself, and little attention was given to absolute values 
of index of refraction, as such. 

2. Preliminary experiments—The first experiments were made on a 
large linear interferometer with distances of nearly 2 meters between 
the mirrors. The rays in such a case are all very nearly parallel. Sun- 
light, arc light or the Nernst filament were each available for illumina- 
tion. With a very long collimator (2 meters) and wide single lens ob- 
jective (10 cm. or more), the Nernst filament may be used directly in 
place of the slit. 

On inserting the trough with a thickness of 1.3 cm. of CS: solution 
normally into one component beam, the original very large ellipses were 
reduced in size and rounded as usual to smaller circles. Submerging 
a convex lens (1 diopter) into the liquid until] the beam passed symmetri- 
cally through it, changed these circles to very long horizontal spindles. 
A concave lens similarly produced horizontally very eccentric hyperbolae. 
All these fringes lie considerably in front of the principal focal plane of 
the telescope and the abnormal forms are necessarily relatively faint. 
They change in shape and intensity with the focal plane observed. 

On mixing CS. with kerosene (about equal parts) types of fringes 
shown in figure 1, but with many more lines, were obtained. This is 
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a combination of both spindles and hyperbolae. Probably three layers 
of liquid are chiefly in question, viz., kerosene, kerosene + CS:, CS:, 
and the three stages of form and the sinuous lines correspond to them. 
Fringes were sharp only if viewed in front of the principal focal plane 
of the telescope. 

3. Apparatus.—To obviate the tremor of apparatus which is inevitable 
in the case of the long distance interferometer, the parts were now 
screwed down at short distances in the cast iron block B figure 2. Here 
the ranges MH, HN of half silvered plate, H, and opaque mirrors M, 
N, did not exceed 14 cm., but this gives ample room for the manipula- 
tion of the trough ¢ placed normally in the beam MH. White light en- 








ters, by way of the collimator SC at any convenient angle 6 (as this does 
not occur in the equations) and @ = 60° was used. The opaque mir- 
rors M (and preferably also V) are on micrometers with screws normal 
to their faces and each must be provided with adjusting screws relatively 
to horizontal and vertical axes. An elastic fine adjustment (not shown) 
is desirable. The block contains a number of screw sockets, b, for attach- 
ing subsidiary apparatus. The trough, ¢, should preferably be attached 
to an independent supporting arm, not connected with B and be re- 
volvable about two axes normal to each other. In such a case the posi- 
tion normal to the beam of light may be found from the reverse of mo- 
tion of the interference rings, while the trough is slowly rotated in a 
given sense. 
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The telescope T (relatively much enlarged in the diagram) is not 
attached to the block. It is to be used both as a simple telescope for 
the adjustment of the white slit images to horizontal and vertical coin- 
cidence, and as a direct vision spectroscope. The most convenient 
attachment for this purpose is the direct vision prism grating, G (film 
grating), just in front of the objective of T. Two perforated thin discs 
of brass are useful for this purpose, one disc being firmly attached (like 
the cap) to the objective, the other to the flat face of the grating with 
the prism outward. A swivel bolt, a, between the discs, thus allows 
the observer to throw out the grating and use the telescope. A stop 
arrests the motion of the grating when it is rotated about a, back again, 
for viewing the spectrum. This plan worked very well and the ellipses 
obtained were magnificent. It was now almost possible to control 
the micrometer M manually and all hurtful quiver js absent. The 
fiducial] line to which centers of ellipses, etc., are to be returned is always 
the sodium doublet, present in sunlight or the arc and artificially sup- 
plied by an interposed burner in case of the Nernst lamp. The tele- 
scopic lens need not be more than 2 cm. wide and cross hairs are not 
needed. For measuring dispersion the Fraunhofer lines B, C, D, E, b, F, 
were used. 

4. Equations. The useful equation for present purposes are given 
in a preceding report‘ and the following cases only need be repeated 
here. Ife is the thickness of glass plate of index of refraction w for the « 
wave length \ and if the equation » = A + B/)d? where A and B are 
constants be taken as sufficient 


p—1=AN/e —2B/x, (1) 


where AW is the displacement of the micrometer at the opaque mirror 
M or N due to the insertion of the plate normally to the component 
beam in question. To determine », B must be known at least approxi- 
mately. It may be measured in the same adjustment,§ however, if 
two Fraunhofer lines are used fiducially. Let 6N be the displacement 
of micrometer to pass the center of ellipses from wavelengths \ to }’. 
Then if e’ is the thickness of the half silvered plate H, and R the angle 
of refraction within it, . 


d 1 1 
iN = B(e +e cos R+2(e + : )) a-s): (2) 


cos R 


2e’ 1 1 
3Ne = B(¢’ cos R+ We=s (3) 


cos R/ \ 2 
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which may be called the corresponding air displacement. Hence 


Ba 56N —5Na (4) 


1 1 
3¢ (5 - xn) 


Here NV = 6N. = N — N’ — (Ne — N'.) = N — Na — (N' — N%) 





so that the difference of the corresponding positions of micrometer for 
a given Fraunhofer line, with and without the plate, are to be found. 
The method is quite accurate as will be seen below. More than two 
constants A and B may be taken if desirable, with 3 Fraunhofer lines. 

To return to equation (1), remembering that 2B/):is small, it is seen 
that the percentage accuracy of » — 1 and A N are nearly equal. Now 
A N for a plate 5 to 6 mm. thick and ordinary glass is about 0.3 cm. 
This may be measured within 10- cm. or 3 parts in 10‘ of A NW or one 
or two units in the fourth place of » the index of refraction of the glass. 
A much more serious consideration is the consistent measurement of 
the thickness of plate e, which must be given to less than 10-* cm. if 
the same accuracy is wanted. Naturally this presupposes optic plate. 
Hence the data will be inaccurate as to absolute values from this cause. 
The plates used frequently showed increases of thickness of several 
10-* cm. within a decimeter of length. Absolute values were however 
without interest in this paper. 

To show that less than 10-‘ cm. is guaranteed on the micrometer 
in the placing of elliptic centers at the sodium line, the following pairs 
of results, made ‘at different times and with entirely independent adjust- 
ments may be cited. The screw pitch was 0.025 cm. and the drum 
divided into 50 parts with a vernier to 0.1 part. 





PITCH DRUM DRUM DIFFERENCE 





cm. 
x85 17.1 : 0.25000-+-0.01695 
x85 23.3 - 0.25000+-0.01700 
x85 41.0 . 0.25000+0.01700 
xX X86 14.9 : 0.25000+-0.01700 
Xx X86 19.2 , 0.25000+-0.01703 
XX X86 36.6 ; 0.25000-+-0.01703 




















X ellipses long horizontally XX circles X X X ellipses long vertically. 


The total difference is less than 10-‘ cm. and probably due to the width 
of the Fraunhofer lines with deficiency of light at the ends of the spec- 
trum. Apart from the measurement of the thickness e therefore, the 
method is guaranteed for fourth place work. 
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A large number of experiments were made with lenses, etc., submerged 
in mercury iodide solution, data for which there is no room here. The 
curious result appeared that if the solution refracts more strongly than 
the submerged glass, and the lens is well centered as to the beam of 
light, the ellipses remain strong and clear. Hence the refraction of 
the solution and of the glass need not be identical. The dispersion B 
is particularly well determinable. The refraction at \ in this case will 
be subject to 


K’ =p’ —-14+2B'/3 =p—-1+2B/'+4N/e 


when AN is the displacement produced on submerging the lens of thick- 
ness ¢ at its middle and primes refer to the solution. The following 
is an example of results. XK’ for the solution is found as a whole from 
the full and empty trough. 


Lens e K’ AN B 
cm. cm. 


1 diopter ; 0.138 0.6140 0.0078 1.5315 Ellipses strong 

2 diopters................-. 0.200 0.6140 . 0.0107 1.5345 Ellipses strong 

5 diopters 0.248 0.6140 0.0187 1.5126 Ellipses faint 
10 diopters : 0.0205 1.5625 Ellipses vague 


The first two cases are good, the last two untrustworthy. To per- 
fect this method a solution must be found whose dispersion constants 
are not so enormous compared with glass as the mercury iodide solution. 


} Note from a Report to the Carnegie Inst. of Washington. 

2 Washington, Carnegie Inst., Pub., No. 249, 1916, chap. ix, cf. Amer. J. Sci., New 
Haven, 40, 1915, (299-308). 

3 Mr. R. W. Cheshire, Phil. Mag., London, 32, 1916, (409-420), has recently used Tépler’s 
method for the same purpose with marked success. 

4 Washington, Carnegie Inst., Pub., No. 229, 1915, § 40, 41, 42. 


THE FOOD OF DROSOPHILA MELANOGASTER MEIGEN 


By J. P. Baumberger 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 
Communicated by W. M. Wheeler, December 26, 1916 


In May, 1916, while rearing the banana fly on artificial media of 
fermented banana agar,' I observed that visible fungus growths seldom 
occurred in the presence of many larvae. Such growths did appear, 
however, after pupation or if only a few larvae were present. Examina- 
tion showed the surface growths to be largely yeast cells. 

Further investigation showed that adult flies, pupae, larvae, and eggs 
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invariably carried yeast cells and often had a rod-like bacterium upon 
them. This made it appear that an internal symbiotic relationship 
existed comparable to the notable cases of the flesh fly,? in which a 
micrococcus is passed through the egg and aids the larvae in the diges- 
tion of albumins, etc., the cockroach,* which has certain cells of the 
fat-body reserved for yeast, and many plant bugs,‘ which have caeca 
of the alimentary tract containing certain bacteria. 

In the following experiments undertaken to show that microorgan- 
isms are not transmitted through the egg of Drosophila, the first pre- 
caution was to free the insect from external microorganisms. Usually 
eggs were used for this purpose but their small size makes this a diffi- 
cult procedure. As it is well known that the lining of the digestive 
tract of larvae is thrown off upon pupation, pupae were selected for 
sterilization. 

(1) The pupae were submerged in 85% alcohol for ten minutes and 
then introduced aseptically into sterile slant culture tubes of agar- 
agar and fermented banana filtrate. If no yeast developed around 
the pupae which were placed on the food the tube remained sterile 
after the emergence of adults, oviposition and hatching of larvae. The 
sterility of the tube was later tested by introducing a few loopfuls of 
the medium into a sterile tube of similar food. It had previously been 
determined that yeast developed readily on fermented banana agar. 
This is probably due to the catalytic action of dead yeast,’ and the abun- 
dance of nutrition supplied by the banana.® 

(2) Larvae which had been feeding on media containing living yeast 
cells were submerged and washed in 85% alcohol and then introduced 
into sterile culture tubes. In all cases yeast developed on the new 
media. Cultures from the digestive tracts of the larvae gave similar 
results. Apparently many cells escape digestion in the stomach as 
is the case with seeds or insect eggs in birds. 

(3) Eggs were sterilized by soaking in 85% alcohol for ten minutes. 
The larvae which hatched were always aseptic. 

From the foregoing experiments we may conclude that yeast is not 
present in the eggs or pupae of Drosophila. However, a loose symbiosis 
exists between the two organisms. As mentioned above, surface fun- 
gus growths disappear in the presence of larvae which often seemed to 
be more numerous at this point. From these observations I inferred 
that the larvae fed upon the microorganisms present. 

The problem was attacked by the use of several different media. 
Two dozen large ripe bananas were fermented overnight by adding 24 
grams of compressed bread yeast separated in a few cubic centimeters 
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of water. The banana was thoroughly mashed before fermentation. 
This material was pressed through a sugar sack giving 1200 cc. of fluid. 

Medium A consisted of this fluid, diluted twice with enough pow- 
dered agar-agar added to make up to 1.5%, then boiled, poured into test 
tubes and plugged. with nonabsorbent cotton and sterilized in the auto- 
clave for twenty minutes at 19 pounds pressure with vacuum at start. 

Medium C consisted of 12 grams yeast per 200 cc. tap water and 1.5% 
agar-agar. 

Medium D consisted of tap water and 1.5% agar-agar. 

Medium J consisted of grape sugar, cane sugar, ammonium tartrate, 
citric acid, KzHPO,,MgSO.,H:20 (proportions as used by Loeb’), 1.5% 
agar-agar. This was sterilized three successive days in Arnold Sterilizer. 

The rates of development of larvae on these media were as follows: 


AVERAGE NUMBER 
MEDIA OF DAYS GROWTH 


Aseptic fermented banana agar From hatching to death 

Septic fermented banana agar From hatching to pupation 
From hatching to pupation 
From hatching to death 
From hatching to pupation 
From hatching to death 
From hatching to pupation 


Aseptic larvae on A developed at half of the rate of septic larvae on 
the same medium. The growth of these retarded individuals could be 
greatly accelerated by adding two loopfuls of septic A to their food. 
This was done in the case of larvae which in twenty-six days have‘only 
reached a length of 2.5 mm. After three days the larvae were 4 mm. 
long and had doubled in diameter; another millimeter was gained the 
next day and on the sixth day the larvae formed pupae from which 
large adults emerged. Since larvae grow more rapidly on abundant 
dead yeast (C) than on less abundant living yeast, the fungus is merely 
the food of the insect. 

It is apparent from the foregoing that the rate of growth is depend- 
ent on the abundance of yeast in the media. Dead yeast serves equally 
well in determining this rate. We may therefore conclude that yeast 
serves as food for Drosophila larvae. There is also evidence that other 
microorganisms may furnish nutrition for these flies. For example 
flies were reared from egg to adult on agar-agar (D) which had been 
contaminated by a living anaérobic bacterium as yet undetermined. 

After the initiation of these experiments I found that Delcourt and 
Guyenot® and Guyenot® had already shown that yeast and most bac- 
teria are of value to Drosophila larvae, especially when the larvae are 
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in large numbers. These investigators finally obtained aseptic flies 
by the use of media unfavorable to the different forms of bacteria. 
Yeast persisted longest but was finally eliminated by using food con- 
sisting of sterile yeast, water and cotton. Potato media were occasion- 
ally intercalated in the series as a test of the absence of living yeast 
cells. The transference of flies was made aseptically by the use of an 
ingenious suction apparatus. However, females from stock which 
had been ‘aseptic’ for several generations occasionally deposited sep- 
tic eggs and died in the center of a yeast colony. It is possible that 
living yeast was constantly present and that usually an insufficient 
number of cells was carried to the potato medium. In such a case due 
to the absence of bios,® 1 growth would not take place. Guyenot 
later reported that he had been able to raise Drosophila on sterile 
(unfermented) potato, but the percentage of larvae that pupated was 
small. Salomon" has described the use of yeast as a food for man and 
a considerable literature deals with its use as food for farm animals. 
Schultze’ has suggested that Drosophila larvae may feed upon bac- 
teria and yeasts in strange media such as sap, feces, formol, tumors, 
etc., from which the fly has been recorded. Henneberg" believes that 
these larvae feed upon microorganisms at the surface of vinegar. 

It is probable that the food relations pointed out in my experiments 
are common to a number of organisms. The house fly, for example, 
oviposits only in the presence of the odor of fermentation, always has 
a certain form of bacteria on its body in great abundance and the larva 
is unable to survive in garbage which gives an acid reaction. Those 
insects which live in strange media such as strong salt water and petro- 
leum may be associated with microorganisms which have unusual power 
of oxidation. It is likely that the vinegar eel will be found to be simi- 
larly associated with bacteria or fungi. 

In 1915 Loeb’ raised Drosophila on a synthetic medium consisting 
of inorganic salts, sugars and ammonium tartrate. He believed the 
synthetic power of the fly to be as great as that of bacteria. Later'®, 
however, he pointed out that the medium used “‘is a well known culture 
medium for certain microorganisms; e.g., yeast cells which are capable 
of synthesizing their proteins andother complicated organic compounds 
from ammonium salts.’ 

It is very evident from my experiments that the food of Drosophila 
larvae is yeast. The insect depends upon these cells for its proteins 
and has no greater synthetic power than is common to higher animals. 
Adult flies do not require proteins but survive for a much longer period 
on sugar agar than upon yeast agar. This difference between the nu- 
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tritional requirements of larva and adult is probably due to the rapid 
growth in the former which requires proteins and leads to fatal changes 
in their absence. 

Owing to the habit of the larvae of constantly agitating the surface 
and carrying yeast cells throughout the medium, fermentation is greatly 
increased and the increase in alcohol resulting may serve as a protection 
to the larvae against destructive molds and putrefactive bacteria. 
The anaérobic conditions resulting may increase the percentage of the 
albumin in the yeast cells’? and thus increase their food value. 

The number of larvae present in a culture determines the degree to 
which the yeast will be spread through the medium. If few larvae 
are present the cultures become contaminated with injurious molds and 
bacteria; if a large number of larvae is present the food remains ‘sweet.’ 

The depth to which the larvae work their way below the surface is 
an important factor in this connection. This depth is determined by 
the consistency of the medium, as the larvae will go as deep as a bubble 
of air will remain attached to the two projecting posterior spiracles. 
The instant this bubble is lost the larva ‘backs-up’ until another is 
found. It would seem therefore that a medium of a jelly-like homo- 


geneous consistency would be best, and I believe the geneticists are 
striving for this end when they mash and boil their banana. 


1 Baumberger, J. P., and Glaser, R. W., Science, New York, N. S., 45, 1917, (21-22). 

2 Bogdanow, E. A., Arch. Anat. Physiol., Physiol. Abth., Leipzig, 1908, Supple., (173). 

3 Buchner, P., Arch. Protistenkunde, Jena, 26, (1-116). 

4 Glasgow, H., Biol. Bull., Woods Hole, Mass., 26, (101). 

5 Moufang, E., Wochenschr. Brau., Berlin, 30, (113-116). 

6 Nagel, C., Zs. Spirit Ind., Berlin, 35, (185). 

7 Loeb, J., Science, New York, N. S., 41, 1915, (169-170). 

8 Delcourt, A., and Guyenot, E., Bull. sci. France Belgique, Paris, 45, 1912, (249-332). 

® Wildier, E., La Cellule, Louvain, 18, (314-332). 

10 Harden, A., and Young, W. J., London, Proc. R. Soc. 78B, (369-375). 

11 Guyenot, E., Paris, C. R., soc. biol., 45, pt. 1, 1913, (178). 

12 Salomon, Miinchener med. Wochenschr., 63, 1916, (445). 

13 Schultze, P., Zool. Anz., Leipzig, 39, (199-202). 

14 Henneberg, W., D. Essigind., Berlin, 6, 1902, (333). 
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16 After sending this paper to press, I learned that Loeb and Northrop, J. Biol. Chem., 
Baltimore, 27, 1916, (309-312), had already published a confirmation of Guyenot’s 
conclusion. 
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TEMPERATURE OPTIMA FOR HUMAN ENERGY 


By Ellsworth Huntington 


MILTON, MASSACHUSETTS 
Communicated by W. M. Davis, December 26, 1916 


As a step toward the more exact determination of climatic optima 
for human species I have made a study of temperature in relation 
to (1) the death-rate, (2) the amount of work done by piece workers 
in factories, and (3) the strength of individuals as measured by the dyna- 
mometer. Although the matter is still in its early stages, the results 
show that the field of investigation is marvelously rich, and that only 
the surface has yet been scratched. 

(1) The death-rate is an excellent means of determining climatic 
optima. In most parts of the United States two maxima of deaths 
occur under widely different climatic conditions, one in winter and one 
in summer. Between the maxima come two minima both of which 
appear to be associated with essentially the same climatic conditions 
whether they occur in spring or fall. At first sight this may not be 
obvious since in the northeastern United States one minimum generally 
comes in June when the mean temperature is 65° to 70°F and the other 
in October when the temperature is 10° or 15° lower. Conditions of 
health, however, obviously lag behind the climatic conditions with 
which they are connected. An interval must elapse between the time 
when people fall sick and the time when they die. If allowance is made 
for this, the true optima would be found in May and September, two 
months which have about the same temperature. 

Since it is difficult to determine the exact amount of lag between 
given climatic conditions and the death-rate which they determine 
another method may be employed for determining the optimum tempera- 
ture. The months may be arranged according to their temperature 
without regard to the seasons of the year. If the figures thus obtained 
are smoothed, a lag in one direction is neutralized by a lag in the other. 
The method is illustrated in table 1. 

A glance at the last column shows that deaths in New York are numer- 
ous at low temperatures. They decline quite steadily until an optimum 
is reached when the mean outside temperature is about 65° F. Then 
they increase once more. The true optimum, however, is a trifle lower 
than 65°. Many people leave New York in summer and some of them 
die, but these deaths do not appear in the city records. Consequently 
the recorded deaths in July and August and to a less degree in Septem- 
ber and June are below the number actually occurring in the city’s 
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TABLE 1 
MEAN TEMPERATURE AND DEATHS IN New York City, 1900-1911 


MEAN TEMPERATURE DEATHS PER DAY 


Actual Smoothed* Actual Smoothed* 
(30.2) 256 (256) 
31.5 266 257 
34.3 238 253 
38.4 270 248 
43.4 215 242 
48.9 267 240 
54.6 210 231 
60.2 239 227 
65.2 218 225 
68.9 224 226 
71.6 236 241 
(73.5) 266 (266) 


a+ 2b+¢ 


4 eR 


* The smoothing is done by the formula 
entire population. This alters the apparent optimum, but not more 
than a degree or two, for relatively few people are away in September 
and June. Therefore, on the basis of the death-rate the optimum 
temperature in New York City appears to be 63° or 64°F. 

Table 2 shows the optimum temperature for three groups of Ameri- 
can cities and for a group of foreign countries, all being reckoned in 
the same way as New York. 

Aside from New Orleans the optima range from 58° at San Francisco 
to 70° at St. Louis. Local differences arise from humidity, epidemics, 
the season at which vacations are taken, and other minor causes. Never- 
theless the averages for the four groups differ surprisingly little, the 
range being only from 62.7° to 65.8°. This seems to indicate that 
whether we are dealing with northwestern Europe, the northern, cen- 
tral, or southern United States, or an Asiatic country such as Japan, 
deaths are most numerous at about the same temperature. When al- 
lowance is made for the effect of summer vacations in the American 
cities, it appears that the optimum is probably about 63° F. Since we 
are dealing with the mean temperature of day and night, such an opti- 
mum means that man is physically at his best when the temperature 
rises to about 70° at noon, but not when it stays all day at that level. 

(2) Daily work. People’s daily work is perhaps the best test of 
their physical condition. During the past few years I have collected 
statistics of the work of piece-workers in factories from Connecticut 
to Florida. A comparison of their work with the mean out-of-door 
temperature gives the results shown in table 3. 





BIOLOGY: E. HUNTINGTON 


TABLE 2 
Optimum TEMPERATURE ON THE BASIS OF THE DEATH RATE 


PLACE YEARS OPTIMUM TEMPERATURE 

Group I. Northern cities of the United States. 
1900-1911 66° 
1900-1914 
1900-1911 67° 
(17 years) 64° 
1900-1911 65° 
1900-1914 67° 
1900-1914 62° 

Average 
Group II. Central cities of the United States. 
MNMIENEN cocci ss tytn kei eeee te 1900-1911 

1900-1911 
1900-1914 
1900-1914 
1900-1914 
1900-1914 


68° 
60° 
81° 
Average 
Group IV. Foreign countries. 
1861-1910 above 63° 
1900-1912 * above 61° 
1912 
1899-1908 
1906-1914 


* Belgium and Finland are so cool in summer that no entire month has a mean tempera- 
ture as high as the optimum. New Orleans is peculiar because so large a part of the popu- 
lation moves away in summer. Hence these places are omitted in computing the averages. 


TABLE 3 
OptmmumM TEMPERATURE IN FACTORIES 


PLACE NUMBER OF PEOPLE 
Connecticut 300 men 
* |Connecticut 200 women 
2. Pittsburg 8800 men and women 
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This seems to suggest a slight rise in the optimum as one goes from 
cooler to warmer climates, but it is doubtful whether the inference is 
justified. The mean temperature of Pittsburgh averages only 3° F. 
warmer than that of southern Connecticut, and it is not likely that so 
small a difference could cause an equally great difference in the optimum. 
The relatively high optimum in Florida may arise partly from the fact 
that the people whose work was tested at Tampa were Cubans coming 
from a climate even warmer than that of Florida. Little weight can 
be placed on such a conclusion, however, because the Cubans were 
engaged in cigar making and in this work high temperature, especially 
when accompanied by moisture, makes the tobacco pliable and hence 
enables people to work rapidly. Thus the apparent optimum is raised 
a little. Moreover, in the present study no account is taken of the 
effect of humidity upon human energy. This factor is of much import- 
ance and probably accountS for a large part of the variation in the 
apparent temperature optimum from place to place. 

(3) Strength tests. In Denmark Lehmann and Pedersen some years 
ago carried on a series of tests of the strength of school children at all 
seasons. When due allowance is made for the normal growth of the 
children it appears that they were strongest when the temperature 
averaged not far from 59°. For 16 months during 1915 and 1916 the 
writer was fortunate enough to secure the cooperation of the teachers 
at Hampton Institute, Virginia, The strength of 11 negro students 
was tested daily with a dynamometer. The young men were strongest 
at an average temperature of 61°. An equal number of young women 
were tested in the same way, but they were working under abnormal 
conditions in a hot, steamy laundry. Accordingly their apparent 
optimum was at an average outside temperature of only 52°. 

Summing up the results of these various methods it appears that the 
death-rate of millions of individuals indicates an optimum at 63° or 
64°. The factory work of thousands of people points to the same tem- 
perature as the best for human activity. Tests of the strength of in- 
dividuals suggest a slightly lower optimum, at about 60°, but the num- 
ber of cases is small. The investigations of Rosenau and Thompson 
also indicate an optimum at 62° or 63°. Since Finns, Japanese, Ger- 
mans, and Americans all show essentially the same response, it seems 
probable that the optimum temperature for physical activity among 
people in all sorts of climates does not vary far from 63° F. Even a 
long residence in a given climate apparently has little effect in causing 
people to become adjusted to their environment. The Finn still seems 
to find his climate always too cool, while the Cuban finds his too warm. 
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It appears as if climatic environment were able to cause changes in pig- 
mentation and bodily form more easily than in the more direct physio- 
logical conditions which determine the relation of the organism to tem- 
perature. 

There is probably, however, a slight difference in races, as appears 
from a comparison of the deaths among colored and white people in 
the twelve American cities where colored people are most numerous. 
Unfortunately the figures for the two races have been published sep- 
arately only since 1912, and only the years 1912-1914 are available. 
The results are given in table 4. 


TABLE 4 


OptmuM TEMPERATURE AMONG WHITE AND CoLorED PEoPpLE DurRING THE YEARS 
1912-1914 on THE Basis oF THE DEATH RATE 


PLACE WHITE COL’D PLACE WHITE COL’D PLACE WHITE COL’D 
; I. Northern cities II. Central cities III. Southern cities 


New York. ..68.5 71.4 Baltimore. ...60.4 69.2 59.2 72.4* 
; Louisville. ..68.0 74.5 Birmingham.73.3 72.2 
Philadelphia.68.0 74.0 St. Louis....70.8 74.9 Memphis. ...68.2 76.8 


—_ Washington.65.3 69.2 Richmond. ..66.4 66.4 
Average. .67.3 71.8 —_ — Saud bilge 


Average. .66.6 72.0 Average. .66.8 72.0 
Weighted Grand Average: White 67.5, Colored 71.6 


* This figure is doubtful. A much more pronounced minimum of deaths occurred at a 


temperature of 44°. This apparently means that a good many colored people come to Atlanta 
in the summer and go away in the winter. 


Because of peculiar weather conditions, epidemics, or other causes 
the optimum during the years 1912-1914 was 2° or 3° higher than dur- 
ing the longer series of years indicated ina preceding table. Such dif- 
ferences are inevitable and need not here concern us. The important 
point of the present table is that as a rule the negroes seem to be at 
their best at a temperature 4° or 5° higher than that which is best for 
white people. This, however, is insignificant compared with the dif- 
ference of 40° between the mean temperature of the Baltic home in 
which the white race probably developed and the African home of the 
negroes. Moreover, the average optimum temperature in northern, 
middle, and southern cities is almost identical. There is not the slight- 
est hint that either the whites or the colored people by residing in the 
north or the south have become adjusted to a particular temperature. 
So far as these facts go, therefore, they suggest that man’s adaptation 
to temperature is so deep seated and of such remote origin that it changes 
very slowly. Untold thousands of years of the contrasted environments 
of northwestern Europe and central Africa appear to have produced a 
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permanent racial difference of no more than 5° and possibly less, while 
the short time that the American people have been in their present 
surroundings appears to have caused no differentiation. 

In spite of the apparent fixity of the optimum there appears to be 
a marked adaptation to other conditions. This is illustrated in table 
5, where the smoothed death-rate for New York and Los Angeles at in- 
tervals of 2.5° is given in percentages of the average per year. The table 
brings out the far greater range of temperature at New York than at 
Los Angeles. It also brings out the curious fact that while the worst 

TABLE 5 
DEATHS IN VARIABLE AND UntrorM CLIMATES 


NEW YORK SAN 


TEMPERA: on BALTIMORE JAPAN «ga .iiscg —«LOS ANGELES 
ie ecae scene sur bosee vee Se POORER caer: eames 
Ne RS pas buck wwe os avn bee 106.5 RD aa eee: Pe Aero cs webiste 
gS EP ae a neh Sena 105.5 anc Teen Oe Paes 
dR Ea a ane oat g* 104.5 104.5 Pe ene OS 
cof a Pa ORs aE 103.0 101.5 SE Feeney SOS tts 
PE x0 oo cbr en Fetes ccd ines as 102.0 100.0 Sp EE 
Re oe eee 101.0 98.5 hasan ibe g Te Rita i tet 
i EEE NE DERE EE i 100.5 97.5 PO BORER OSS. 
Deere ae Fn LS 99.5 96.5 96.5 iS Ae ae 
Msi dweyh as co see dea iewa sys 2 98.5 95.5 96.0 108 117 
REET SSS as i oy Seg re 97.5 94.0 95.0 102 113.0 
Ee ee are OA 96.5 92.5 94.0 90 103.5 
oo, EAN EES Soy ane re Ata 95.5 91.0 93.0 91 97.0 
ida bcs wsgeess apace 95.0 90.0 DEG. 2) Sx. 93.0 
| SCE Ea aC at eel cere ee rae ne 94.5 89.5 _ Eee rye 91 
ss ei Bes Kass oaawne leks 95.5 90.0 TOR. 2.5.5 ei 86? 
4} eee are Tot 98.0 91.0 | eee eRe PA 92 
PE aad sha bodes Chow ees 106.0 94.5 ER Hb te ee 
EE RS FOE eR PALES Wea ee 102.0 Be Se 
op PEPER Pang si MMs em ge eo t Om Mie reg a 118.0  & Re ee Ra top 
EEE earn CAmeg  ahy cee acute + A A a oak 4) Seen 
Range from highest to lowest...... 11.5 20 2-9 27 31 


months at New York have only 107 deaths where the average is 100 and 
the best only about 94, the range at Los Angeles is from 117 to 86. With 
less than half as great a range of temperature Los Angeles has two and 
one-half times as great a variation in the death-rate.. The health seekers 
who visit southern California in the winter account for a small part of 
this difference, but by no means for all of it. At the range of tempera- 
ture prevailing in Los Angeles the New York death-rate varies only 
about 4% or less, while that of Los Angeles varies 31%. If the influx 
of health seekers explained the matter they would have to increase the 
population of Los Angeles by more than a quarter of its normal propor- 




















ASTRONOMY: A. VAN MAANEN 133 


tions every year. Moreover, San Francisco where the number of health 
seekers is comparatively small, shows a contrast from season to season 
practically the same as at Los Angeles. I do not feel sure how to ex- 
plain this. It looks, however, as if the variable climate of the east 
causes people to become comparatively resistant to changes of tempera- 
ture, while the uniform climate of the Pacific coast although delightful 
in itself, causes people to lose the power of resistance and hence to suc- 
cumb quickly under adverse conditions. In table 5 localities are 
arranged according to the variability of their climates. The range 
between the highest and lowest death rates for the year is least in New 
York where the climate is most variable, and greatest in Los Angeles 
where the climate is most uniform. 


THE PARALLAX OF THE PLANETARY NEBULA N. G. C. 7662 


By Adriaan van Maanen 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, December 24, 1916 


The first results for the determination of stellar parallaxes obtained 
with the 80-foot focus arrangement of the 60-inch reflector were com- 
municated to these PROCEEDINGS about two years ago.! The promis- 
ing outcome of that investigation was fully confirmed by later results; 
the small probable error and the apparent absence of large systematic 
errors showed the desirability of extending the work to some of the 
nebulae. The parallaxes available for these interesting bodies are as 
yet extremely rare and the few existing results are far from trustworthy. 
For instance, about half a dozen determinations for the large spiral 
nebula in Andromeda have been published, the results ranging from 
—0".32+0".12 to +0”.171+0" .051?. 

Six nebulae were accordingly added to the Mount Wilson parallax 
program. In most cases the necessary exposure times are considerable 
and for several fields the work cannot be finished for some time. The 
planetary nebula N.G.C. 7662 (=H IV 18 Andromedae), which has a 
sharp stellar nucleus, gives good measurable images in a 25 minutes 
exposure (see Plate). Sixteen exposures were secured, the details 
of which are given in table 1. The successive columns contain the 
plate number, the date, the hour angle in degrees, the initials of the 
observer (H = Hoge, VM = van Maanen), the quality of the plates, 
the parallax-factor, the factor for annual proper motion, and finally 
some remarks. 
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N. G. C. 7662. 
REFLECTOR, NOVEMBER 4, 1915. 
1°6; ENLARGEMENT FROM ORIGINAL NEGATIVE, 5.3 DIAMETERS. 
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The plates were measured with the monocular arrangement of the 
stereocomparator and reduced in exactly the same way as described 
in The Photographic Determination of Stellar Parallaxes with the 60-inch 
Reflector? The eight pairs of plates with the necessary details are 










PHOTOGRAPHED WITH THE 80-FOOT FOCUS ARRANGEMENT OF THE 60-INCH 
EXPOSURE 30 MINUTES, SEED 23 PLATE. SCALE 1 MM. = 



























































TABLE 1 
N. G. C. 7662 a=23h21m¢s 5=41°59’ (1900) 
Plate No. Date t Obs. | Qy. ? m Remarks 
1915 

749 November 2 |— 7°7)/vM| f | —0.699 |+0.84) Hazy, 30™ exp. 

750 2 |+ 3.0) H} fg | —0.699 |+0.84) Hazy, 30™ exp. 

758 4 |—13.2| H| fg | —0.719 |+0.85) 30™ exp. trail of Boss 6602 

759 4 |— 2.7|vM} fg | —0.719 |+0.85| 30™ exp. 

1916 

1050 | July 23 |j— 5.7} H| f | +0.701 |+1.56 

1061 August 3 |—14.2) H| f | +0.574 |4+1.59 

1062 3 |— 7.0)vM| f | +0.574 |+1.59 

1063 3 |+1.2] H]} f£ | 40.574 |+1.59 

1079 5 |— 6.5} H| fg | +0.549 |+1.60 

1080 5 0.0}vM | fg | +0.549 |+1.60 

1081 5 |+ 8.2} H| g | +0.549 |+1.60 

1082 5 |+15.0)vM|. g | +0.549 |+1.60 

1126 | October 21 0.0}vM| f | —0.575 |+1.81 

1127 21 |+ 8.7) H}| fg | —0.575 |+1.81) 30™ exp. 

1143 November 16 |+ 4.5}vM] g | —0.822 |+1.88] Clouds, 28™ exp. 
1163 17 |— 5.5} H}| fg | —0.827 |+1.88} Hazy, 35™ exp. 
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given in table 2, whose successive columns contain the plate numbers 
of the pair, the difference in the parallax-factors, the difference in the 
factors for annual proper motion, the result of the measures (in 0.0005 
of a revolution of the micrometer screw as unit), the residuals, and the 
difference in the hour angles. 

Eight comparison stars were used; Table 3 gives their brightness, 
their co-ordinates in right ascension and declination, and their relative 
parallaxes with the probable errors of these parallaxes. 



































TABLE 2 

MOR.-EV. Ae Am M . At 

1061— 758 +1.29 +0.74 +29 +15 —1°0 
1062- 749 +1.27 +0.75 + 3 —11 +0.7 
1079-1163 +1.38 —0.28 +13 — 6 —1.0 
1050- 759 +1.42 +0.71 +20 + 3 —3.0 
1080-1126 +1.12 —0.21 + 8 — 6 0.0 
1063- 750 +1.27 +0.75 +10 -—4 —1.8 
1081-1143 +1.37 —0.28 +31 +13 +3.7 
1082-1127 +1.12 —0.21 +10 —4 +6.3 

TABLE 3 
COMP. STAR Br 2 y . : P. E. 

1 bf +0/7 +0/4 +0019 +0010 
2 bf +4.1 +2.1 - 3 6 
3 f +2.9 —2.3 - 2 9 
4 +1.5 —2.2 - il 8 
5 f —0.5 —3.3 + i! 7 
6 f —2.3 —1.8 - 1 14 
7 f —3.0 +2.5 —- 24 9 
8 bf —2.9 +5.1 +0.014 +0 .005 




















The material in Table 2 gives the following normal equations for 
the determination of the parallax of the nebula: 


+2.41yq + 2.617 = + 28 


+2.61u, +13.18" = +161 

From these 
® wt, = +12.7 = +0’.021 +0”.004 
Me = — 2.1 = —0”.003 +0”.008 


Only one other determination of the parallax of this nebula is avail- 
able, viz., that by Wilsing.* His material comprised 31 plates, taken 
with the 80-cm. photographic refractor at Potsdam. His conclusion 
was that the parallax of N.G.C. 7662 cannot be larger than 0”.1 or 0”.2, 
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Huss, rediscussing this material’ derived a parallax of —0".063 = 0”.050. 
It should be remarked that on most plates Wilsing measured, not the 
nucleus, but the whole nebula, which has a diameter of about 26”. 

Professor Barnard has stated,* that the central star of the nebula is 
variable ‘“‘to an extent upwards of three magnitudes; at times it has 
appeared as a bright yellowish star of about the 12th magnitude.” 
The star appears to have practically the same magnitude on all my ° 
plates, varying from equality with comparison star 1 to a trifle brighter 
than comparison star 2. The visual magnitude of comparison star 1 
is given by Barnard as 12.6. 

To derive the absolute parallax of the nebula we must add approxi- 
mately 0”.002 to the value given above; the resulting parallax of +0°.023 
would place the nebula at a distance of about 140 light-years. As the 
angular diameter of the whole nebula is about 26”, its linear diameter 
would thus be of the order of nineteen times that of the orbit of Neptune. 

These results seem to be extremely promising and the program will 
accordingly be enlarged. 


1Maanen, A. van, these ProceEepincs, 1, 1915, (187-189). 

2 Bigourdan, G., Bul. Asir., Paris, 26, 1909, (331). 

* Maanen, A. van, Mt. Wilson Conirib., No. 111, 1916, (1-33). 

4 Wilsing, J., Asir. Nachr., Kiel, 136, 1894, (349-352). 

5 Huss, E., Ibid., 178, 1908, (95-98). 

6 Barnard, E. E., London, Mon. Not. R. Astr. Soc., 68, 1908, (465). 


ADULT HYMENOPTEROUS PARASITES ATTACHED TO THE BODY 
OF THEIR HOST 


By. C. T. Brues 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 
Communicated by W. M. Wheeler, December 21, 1916 


Entomophagous parasites exhibit many remarkable adaptations 
which enable them more easily to locate the hosts necessary for the 
development of their young. Most of them depend upon the acute- 
ness of their senses and we find consequently that they are usually very 
active and commonly exhibit complicated instincts to aid them in their 
search. Many forms deposit their eggs directly within or upon the 
bodies of their host, seeking either the eggs or the larve of the host 
for this purpose. When oviposition in larve occurs, it is necessary 
of course that these be located by the parasites after they have attained 
the requisite size. When the eggs of the parasites are placed within 
the eggs of the host, the latter must be located soon after they have 
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been deposited. Among the parasitic Hymenoptera there are many 
species which oviposit in the eggs of the host insect. In such cases 
the adult female parasite usually discovers the eggs of the host after 
they have been left upon the foodplant, or wherever they are to develop. 
The location of the host eggs in this manner must involve great difficul- 
ties as they are frequently well concealed. 

A unique method of eliminating some of these difficulties has recently 
come to my notice in connection with some small parasitic Hymenop- 
tera of the family Scelionide. Some of the members of this group 
develop in the eggs of locusts, and occasionally the adults attach 
themselves to the body of the locust. They are thus carried about by 
the host, and when the locust deposits its eggs, they undoubtedly seize 
the opportunity and leave it to deposit their own in those freshly laid 
by the locust. 

The accompanying photographs illustrate an example which recently 
came into my possession, where the parasites remain upon the body 
of the locust. There are four parasites, all females, each still firmly 
attached by the jaws to the abdomen of the locust, notwithstanding 
the fact that the latter was placed in alcohol and subsequently sent me 
by parcel post from India. The mandibles are imbedded in the body 
at the sutures between the abdominal plates, and in each case the pos- 
terior margin of the forward segment is pushed back distinctly at the 
point of attachment, affording a very secure hold for the mandibles. 
Quite possibly the insects may be able to cling more tightly by reason 
of a sharp tooth which projects from each cheek, although this tooth 
does not occur in related forms with similar habits. 

I do not believe that this habit is very general among the Scelioids 
which have been bred from locust eggs, although it has already deen 
noticed. Ashmead in his Monograph of the North American Procto- 
typidz! having taken a female specimen of Sceliomorpha bisulca Ashm. 
“holding on to the elytron of a short winged locust,”’ and he suggests 
that it is there for the purpose of locating the place where the eggs of 
the host will be deposited. In this case the observation was made in 
Florida, but the species of locust is not indicated. 

The Indian example figured in the present note comes from Wala- 
janagar in South India, and is the common Jola or Deccan Grasshopper 
(Colemania sphenarioides Bolivar) which is a widely distributed species 
in India. Coleman who has studied this locust refers? to a small Hy- 
menopterous parasite found in the eggs and it is probable that these 
parasites are the same species as the ones which I have received attached 
to the locust. As the species has not been described, a description is 
appended to the present note. 























138 ZOOLOGY: C. T. BRUES 


There seems to be no doubt that the behavior of these Hymenoptera 
in attaching themselves to the body of the locust is for the purpose of 
finding the eggs of the host more readily and it seems strange that the 
same method has not been adopted by other egg parasites.. Possibly 
other large insects do not lend themselves so readily to this purpose, 
and it may be noted in this connection that both species of locusts which 
have been found with attached parasites are forms which do not have 
fully developed wings or tegmina in the female. Winged species might 
more easily disturb the parasites which cling only by the mandibles, 
and on account of their rapid movements might more easily evade the 
parasites. , 

In other groups of insects and also among Arachnids, there are familiar 
examples of small species which attach themselves to larger insects 
for the apparent purpose of transportation only. Thus certain mites 
are regularly found on the body of the housefly and similar flies, which 
presumably afford a convenient vehicle for migration, and also prob- 
ably a source of food while in transit. In the case of certain mites of 
the genus Greenia which occur on large oriental bees (Xylocopa) a very 
peculiar relation exists between the two as the mites occupy a pocket 
in the basal segment of the bee’s abdomen. Here, however, it has 
been assumed that the mites feed upon the pollen which adheres to 
the body of the bee.* Certain myrmecophilous beetles (e.g. Thorictus) 
regularly travel attached to the antenne of the ants, and similarly 
the remarkable myrmecophilous cockroaches of the genus Attaphila 
commonly travel on the bodies of the leaf-cutter ants with which they 
live. 

The attachment by the mandibles of the small Scelionids described 
in the present note suggests strongly that they may secure nourishment 
by sucking the juices of the locust. If such be the case, the phenomenon 
is interesting in connection with the fact that many minute parasitic 
Hymenoptera regularly feed upon the drop of liquid which exudes 
from the puncture made by the ovipositor when they deposit their 
eggs in the eggs or larve of the host. In this case the feeding precedes 
the act of oviposition and bears no direct relation to it since Scelionids 
are parasitic upon the eggs and not the imagines of the locust. 

It seems probable that the Scelionid belongs to the genus Lepidoscelio 
Kieffer which is based upon a species from Madagascar. As the type 
specimen of Kieffer’s species had lost its antenne and as the postscutel- 
lar scale appears to be less highly developed in the Indian species, I 
cannot feel sure that the two forms are congeneric. 
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? Lepidoscelio viatrix sp. nov. 


9 Length 4mm. Black; legs, including coxe, and antenne, except 
club, honey-yellow; tegule rufous, apical margin of first abdominal 
segment fuscous; wings hyaline, venation very pale. Head strongly 
narrowed below the eyes, as high as broad above, but only half as broad 
at the base of the clypeus. Eyes one-half the head-height, with a very 
few short hairs. Ocelli in a low triangle, the lateral ones removed by 





FiG. 1. SPECIMENS OF LEPIDOSCELIO VIATRIX SP. NOV. ATTACHED TO THE BODY OF 
THE DECCAN GRASSHOPPER (COLEMANIA SPHENARIOIDES). 


less than their diameter from the eye-margin. Front on each side 
below the eyes with fine longitudinal aciculations, medially raised, 
the raised portion with sharp parallel sides anteriorly and projecting 
forward between the antenne beyond the margin of the head; front 
between the eyes with somewhat irregular longitudinal strie which 
run together above to form a smaller number above the median ocellus. 
Head behind with a carina extending from the occiput to the cheeks 
where it ends at the level of the lower eye-margin in a sharp tooth; 
just behind the eye is another weaker carina. Mandibles rather long, 
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acute at apex and with a single acute tooth inwardly before the apex; 


_at the base they are attached at their inner angle so that when open the 


rectangular outer basal angle extends laterally beyond the head, but 
when closed the basal edge forms an-extension of the sides of the head. 
Antenne 12-jointed; scape half as long as the head height; pedicel 
half as thick as long; first three flagellar joints very small, the first tri- 
angular, the others transverse; club six-jointed widest at the base, 
club joints transverse except the last which is oval. Head deeply 
excavated behind on the occiput. Pronotum coarsely reticulate. Meso- 
notum without furrows, but with about nine somewhat irregular longi- 
tudinal carine. Scutellum convex, reticulate. Post-scutellum with 
a small vertical scale-Iike protuberance which is emarginate medially. 
Propodeum nearly flat above, emarginate at the middle on each side 
and with its posterior angles rounded; coarsely reticulate at the cen- 
tre, very finely so at the sides. Pleure sparsely punctate. Abdo- 
men broadly lanceolate, finely longitudinally aciculated, broadest at 
the apex of the third segment which is a little longer than the fourth; 
first shorter than the second, the two together as long as the third; 
fifth as long as the second, sixth very small. Wings extending to the 
tip of the abdomen; costal vein two-fifths as long as the wing; stigma] 
enlargement well developed, but very light yellow in color; stigma! 
vein very weak, oblique. 

Described from four females received from Walajanagar, North Arcot 
District, South India. 

The form of the mandibles and head is unusual, and may be associated 
with the peculiar habit of traveling on the body of the locust as de- 
scribed on a preceding page. 


1 Washington, Smithsonian Inst., Nation. Mus. Bull., No. 45, 1893. (241). 

2 Madras, Mysore State Dept. Agric. Entom., Bull., (Ser. 2), No. 2. 1911, (26). 

3 Since this article was written Dr. Joseph Bequaert has called my attention to a most 
remarkable adaptation of the same kind exhibited by certain Eumenid wasps. In some 
species of Odynerus (e. g., O. conformis Sauss.) there is a space between the dorsal plates 
of the first and second segments of the abdomen which is regularly occupied by a large 
colony of small mites. This flattened pocket can be opened or closed by the flexion of 
the wasp’s abdomen. 

4 Bruxelles, Ann. Soc. roy. Sci., 29, pt. 2, 1905, (129). 





